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Perhaps in that part of the third volume 
which respects the specific gravities of b( 
dies, the arithmetical operations, though 
rendered as familiar as the natare of the 
subject will admit of, may be deemed less 
easy than the other parts. To those young 
persons, however, who have studied the sub- 
ject of decimals, which is by no means a 
dUfficult part of arithmetic, no obstacle will 
present itself, even in the method of obtain- 
ing, by experiment and calculation, the ^e- 
cific ^vity of any body whetever. In some 
cases it may be desirable to pass over this 
part of the book till the reader be a litde 
more grounded in arithmetical operations; 
but it would have been inexcusable in the 
author to have omitted it in his plap. The 
subject is importaat, and when understoodi 
It will be found not less interesting than Ae 
other parts of the work. Authors in gene- 
ral have not illustrated this branch of Hy- 
diosUitics in a manner suited to the appre* 
heiision of young persons ; and, on that ac* 
count, it will be found discussed much al 
larc^e in the Scientific Dialogues, 
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It is hoped that the explanations of all the 
Hydrostatic and Pneumatic Engines are 
perfectly adapted to die understanding of 
those for whom this course of instruction is 
intended : that they are, in almost all cases, 
treated in a manner more ftimiUar than has 
hitherto been attempted, will not, it is pre- 
sumed, be denied. The author, in proof 
of this assertion, might, if he were inclined 
to mention particular instances, refer to the 
iUustratiohs of the nature and principles of 
the Hydrostatic Paradox and of the echo and 
$team-engine ; but he conceives he may con- 
fidently appeal to the judgment and decision 
of those that are accustomed to teach these 
branches of science, with respect to the 
whole of the volume now presented to the 
public. 



OF HYDROSTATICS. 



CpirrERSATIONL 



INTR(M)tH5THar. 



Father— (^arle»— Emma. 

FATIiER. In pursuing our cour84pf 
Mturai and experimental philosophy, we 
shall now proceed with that branch of science 
which is called Hydrostatics* 

EnttMu That is a difficult word? what 
are we to understiUid by it ? 

Father. Almost all the technical terms 
made use of in scioQce are either Greek, or 
derived from the Greek Language. The 
word hydrostatics is formed of two Gr 
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words, which signify water^ and the science 
which considers the weight of bodies^ Bat 
hydrostatics, as a branch of natural philoso- 
phy, treats of the natuiXf gravltyy pressure, 
and motion of fluids in general ; and of the 
methods of weighing solids in them» 

Charles. Is this an important part of 
knowledge i 

Father^ Taken in diis extensive sensei 
it yields to none as to its real importance^ 
And the experiments which I shall show 
you are curious and highly amusing. 

Emma* Shall we be able to repeat them 
ourselves ? 

Father. Most of them you will, provided 
yik are very careful in using the instru- 
ments, almost all of which are made of glass. 
I ought to tell you that mmny writers divide 
this subject into two distinct parts, viau 
hydrostatics and hydraulics; the latter re- 
lates particularly to the motion ^ water 
through pipesy conduits, &c« 

In thcie conversatioiis, I shall pay co re- 

this dittind^onf but shidl, under the 

itle .of liydiostatict, describe die 
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ptopiftm of aU fluids, butptio^lpaUy those 
of water ; explaining, as we go on, the mo* 
tioi^rof it) whether inj)ip«8,|»ui|i|)s^siphQns9 
engines of difibreot , kinds, fo^ntaihs, &c» 
Do you know what a. fluid is ? . 

Charles* I know ho\;r to t^istioguish a 
fluid front a solid < water and wine are fluids^ 
but why they are so qaUed I canQot tell. 

Father •' A fluid is generally defined s^ a 
body, the parts of which readily yield to 
any.impression« and in yie;ldingare easily 
moved among each other. 

Emma* But this definition does not no- 
dce the wetting of other bodies brought in- 
to contact with a fluid. If I put my fingers 
into water or ipilk, a |)art of it adheres to 
them, and they are saic^ to be wet. 

Father* Every accurate definition must; 
mark th^ qualities of all th^ individual 
things defined by it : noif there are many 
fluids which have not the property of wet* 
tmg the hand when plunged into them. The 
air we breathe is a fluids the parts of which 
yield to the least pressure, but it does not 

Vol. II. B 



ftdhere to ^ bOdie» surrounded bjr it'iifa 
water. 

Emnuu Air, boweirer, is so different frdttt 
water, that, in this respect^ they will sonrce* 
ly admit of comparison* 

Charies. I have sometimes dipped teej 
finger into a cup of quicksilver, but none 
of the fluid came away with it. 

Father • You are right; and hente you 
will find diat some writers On natural phi- 
losophy diadnguish between fluids and U« 
quids. Air, quicksilver, and melted metals, 
are fluids, but not liquids: while water, 
milk, beer, wine, oil, spirits, Sec are fluids 
and liquids. 

Charks. Are we then to understand, that 
liquids are known by the property of ad*> 
hering to different substances which are im» 
mersed in them i 

Father. This description will not alwaj^ 
hold ; for though mercury will not stick to 
your hand if plunged into a cup of it, yet it 
wiU adhere to many metals, as tin, gold. Sec 
The distinction between liquids and fluids 
is introduced into bodes more on account 
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of common coovenieiace, thaa^ifailosopfaical 
accuracy : the liquid is distinguished by ^ 
cohesbn of its particleft with eaidt odier^. 

Emma* Tou said^ I believe, that a fliM 
is defined as a body^ whose parts yield t^ 
the smalkis^ force »upreased^ 

FiOhtTm This is. the defimden of a per^ 
fectfliudi andtbrkss force tfaot is reqtdred 
to aioye the {Wis q£ a fluid, the mote per* 
fect:b di^ flukl. 

Charts. But how do people reason re- 
specting ^ particles of which flmds are 
composed ? have they ever seen them ? 

Father. Philosophers imagine they must 
be extcediog^ small, because with their 
best glasses they have never been able to 
discern chem. And they tontend that these 
parUclea must be round and smooth, since 
they are so easily moved among and over 
one another. If they are round, you know, 
there must be vacant spaces left between 
diem* 



•Sec Notes p. 20. 
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Emm&. Hdw 18'tfiat, ftrpa? 

Father* Suppose a number of canncm 
baHs were placed in a large tub^ or fiHy 
^tfier vessel (Pliatc t. J^^ l;)/so'a» tafiU 
h up even trith Ae edge^UhoiUg^l^ ves- 
sel would.conisMn RO^;tftbi% of ^rtiecid lai^ , 
ball^, jrdt it woiiiUli<ddiiBi tUe i^aGaal^^iaces 
a gr^ manjr aanaS^ shottt land^ be^ctb 
time) others itMlaiilail^ ai^j|hft4)ei|icmlii« 
ced : and when the vessel wbulH totttaiorBci^ 
Qiqre small shot, ^ gve^Mf ^piilititsr l>€ ^^Ited ^ 
might be shakei^ in^ atf^t j^t^ire^ t^. 9919I 
of these, water or other fluids would re»&%' 
ly insinuate themsekves*; 

Emma. This I understand; butaie'Aeftf r 
any other proctEs that water is made, up ol 
such globular partides 7 ' " '; 

Father* There are several ;— atf aquatiA ^ 
plants, that is, plants which live in watei^*^ 
are said to hav6 their pores round, and artJ" 
thereby adapted to receive the same shapedFs 
psuticles of water : all mineral and medicf«»^ 
md. waters evidently derive their peculiar^ 
character from the differ^t substances takeq^ 



into their pom ; from which it has been 
conduded^ that the particle of water are 
S^bulary because such admit of the largest 
iatervsds. 

Ujpoii this prmdple tinctures, a» those of 
barky rhubarb, &c. are made ; a quantity of 
the powder of bark, or any other substance, 
B put into spirits of w^ie, the very fine par- 
tides are taken into the pores of the spirit : 
tiiese change the colour of the mass, though 
it remains as transparent as it was before. 

Charles. But in these cases,' is not the 
bulk of the fluid increased ? 

Father* In some instances it is^ but in 
others the bulk will remain precisely the 
same, as the fpllowing very easy experiment 
will show. 

Tdce a phial with som^ rsun water, mark 
very accurately the height at which the 
water stands in the botde, after which you 
may introduce a small quantity of salt^ 
which, when completdy dissolved, you will 
find has not in the least increased the bulk 
of the water* When the salt is Uken up* 
b2 
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sugar may be ^ssolved m the water with^^ 
out imikiog any addition to its bulk. 

Emma. Are we then to mfer, that At 
psurticles of salt are smaller than those of 
water> and lie between them as the small 
shot fie between the cannonbaUs ; and that 
the partieles of sugar are finer Uian those 
of salt, andf like the sand among the shot^ 
will insinuate themselves into vacuities too 
small for the admission ofthe salt i 

Father. I think the experiment fairly 
leads to thlit conclusion. Another fact re^^ 
specting the particles of fluids deserving 
your notice is, that they are exceedingly 
hard, and almost incapable of compression f 

Charks. What do you mean, Sir, by 
compression ? 

Father. I mean the act of squeezing any 
tlung, in order to bring its parts nearer 
together. Almost all substances with which 
we are acquainted may, by means of pres- 
sure, be reduced into a less space than they 
naturally occupy. But water, oil, spi- 
rits, quicksilver, 8cc. cannot, by any pres- 
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sore of wkidi hamaa ait or power is ctpa* 
Ue, be reduced into & space senBtbl^ less 
thna^diey natiirs^y possess. 
Emma* Ths the trial ever been made ? 

Father* Yes, by some of the ablest phi- 
losophers that ever lived. And it has been 
found, that water will find its way through 
the pores of gold even, rather than suffer 
itself to be compressed into a smaller space. > 

Charles. How was the experiment made? 

Father^ At Fkurepce, a celebrated city 
in Italy, a globe made of gold was filled 
with water, and clo9ed so accurately that 
noo€ of it could escape. The globe wie 
^a put into a press, and a little flattened 
at the sides : the consequence of which wa^, 
that the water came through the fine pores 
of the^lden globe, ai^d stood upon its sur- 
fiice like drops of dew» 

Charles. "Would not the globe contsdn as 
much after its sides were bent in as it did 
before ? 

Father. It would not ; and a» the wat«: 
forced its way through the gold rather than 
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suffer itself to be brought into a.siMller 
space than it naturally occupied^ it was con* 
eluded at tlmt tirne^ that water was incom- 
pressiUe. Later experiments have^ how- 
ever, shbwn, that those fluids which were 
esteemed incompressible, are, in a very 
small degree, as, perhaps, one part in twen- 
ty thousand, capable of compression* 

Emma. Is it on this account you conclude 
that the particles are very hard ? 

Father. Undoubtedly: for if they were not 
so, you can easily conceive, that since there 
are vacuities between them as we have 
shown, and as are represented in fig. 1« 
they must by very great pressure be brought 
closer together, and would evidently occupy 
a less space, which is contrary to fact. 

NoTB.— Wkter, oil, spirits, &c. are said to be iiicom* 
presstble, not because they are absolutely so^ but be- 
cause their compressibility is so very small as to make 
110 sensible diflTerence in calculations relative to the se- 
veral properties of those fluids. 

Mr. Canton discovered the compressibility of water 
in the year 1761, and he says, that from repeated tri^ 
he ibund that water will expand, and rise in a tube, by 
"^"'ivingtfae weight of the atmosphere, about one part 
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V»^li740, and vrill be as much ^smpiessed under th^ 
weight of an additional atmosphere^— PAt^. TVoim. Vol! 
UI. 

' A fluid i&t faaa lio iihme4late tehd^nex to exfmnd 
Wben atlibertj, ia commonly considered at a liquid. 
u witer^tt^te Ste young's |4cU]res» Yd. I. p. 259. 
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^ CONVERSATION tL 



Of the Wdght and Pressing of Fliiidf • 

FATHER* In our last conversatStm we 
considered the nature of die component 
parts of fltiids : I must now tell you, that 
these parts or particles act» with respect to 
their weight or pressure, independendy of 
each odier* 

Emma* Will you explain what you mean 
lathis? 

Father. Tou recollect, that, by the attrac- 
tion of cohesion*, the parts of sdl solid sub* 
stances are kept together, and press into one 
common mass. If I cut a part of this wood« 
en ruler away, the rest will remain in pre- 

• See Vol. I. Of Mechanics. Convex. HI. 
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dflcly the ssmie shustion as it waa before. 
But if 1 take som« water , out of the middle 
Kji a vessel, the remainder flows iiAantly 
into the place from whence that was taken, 
so as to bring the whde mass to a leveL 

Charks* Have the particles of water no 
attraction for each other I 

FuUier^ Yetf, in a slight degree. The 
l^favlles of dew* on cabbage plants prove, 
that the particles of water have a greater 
attnu^tion to one aiH>ther, ^an diey have to 
Ae leaf on which they stand. Nevertheless, 
this attraction is very small, and you can^ 
easily conceive^ that if the particles are 
round they will touch each other in very few 
parts, and slide, with the smallest pressure. 
Imagine that a few of the little globules 
were taken out of the vessel (Pig. i.), and 
it is evident that the surrounding ones w4>uld 
foil into their place. It is upon this prin* 
ciple that die surface of every fluid, when 
at rest, is horizontal or level. 



• See Vol. L Of Mechanics. Conver. IV. 



24 HYDROSTATICS. ^ 

Charles^ Ja it updn tlua pnaciple ifaal 
iR^ter-levels are constrttcled i * • 

Father. It is: the most um];4e Idod ^ 
iraterJeTel is a long wooden trough wbicii 
being filled to a certain height with watel^' 
its surface shouts the level of t|ie {4ace, on 
which it stands. 

Charles. I did not allude to this kind of 
levelsf but to those smaller ones coa<aited 
in glass tubes. 

Father. These are, more propeify speak* 
ing, air-levels. They are thus construtted 
(Plate I. Fig. 2.): d is a glass tube fixed 
into L, a socket made generally of bf^ass* 
The glass is filled with water, or some other 
fluid, in which is enclosed a single bubble I 
of mr. When this bubble fixes itself at the I 
Viark % made exactly Ui the middle of the 
tube, the place on which the instrunient | 
stands is perfectly level. When it is not J 
level, the bubble will rise to the higher, 
end. ' . ) 

Emma. What is the use of these levels i 

leather. They are fixed to a variety rf 
opUcal instruments, such as quadrants, 
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and telescopes fpr surveyhig the I^ewens ; 
aod theodolites for taking the level of any 
part of the earth. They are also useful in 
the more comipon occqrrencea of life* A 
sbgle- instance will ^ow their value: clocks 
will not keep true ' time unless they stand 
very upright ; now by means of one of those 
levels you may easily ascertain whether the 
bracket, upon which the clock in the pas- 
sage stands, is level. 

Emma* But I remember when Mr. F-—— 
brought home your clock, he tried if the 
bracket was even by means of one of 
Charles's marbles. How did he know by 
this? 

Father* The marble, being round, touch- 
ed the board in a point only, conse^^uently 
the line of direction* could not fall through 
that point, but the marble would roll; un- 
less the bracket was very level ; therefore, 
when the marble was placed in two or more 



* See Vol. I. Of Mecbanics. Conver. IX. 
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diiFereat parts of the board, and did not 
move to one side or the other, he might 
avScly conclude that it was level* 

Charles^ Then the water-level and the 
rolling of the marble depend on the same 
principle ? 

Father* They do, upon the supposition 
that the particles of water are round. I'he 
Water-level will, however, be the most ac- 
curate, because we may imagiue that the 
parts of which water is composed are per- 
fectly round, and', therefore, as may be geo- 
metrically proved, they will touch only in 
an infiuittly small point ; whereas, marbles 
made by human contriviince, touch in many 
such points. 

We now come to another very curious 
principle in this branch of science, viz. that 
fuids press equally in all directions* All 
bodies ) both fluid and solid, press down- 
wards by the force of gravitation, but fluids 
of all kind exert a pressure upwards and 
sideways equal to th«ir pressure down- 
wards. 
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Emma* Can you show, any experimetits^ 
Hi proof of this ? 

Father^ a, b, c (Kate U F%. 3.)» i* a 
bended glass tube: with a small glass fun- 
nel (Plate !• Fig. 4.) pour in tbe n^uth A, 
a quantity of sand. You will fiiwi that, 
when the bottom part is filled, whatever is 
poured in afterwards will utand in the side 
of the tube A b, and not rise in the other 
side B c* 

Charles* The reason of this is, that by 
the attraction of gravitation all bodies have 
a tendency to the earth*; that is, in this 
case, to the lowest part of the tube i but if 
the sand ascended in the side b p, its mo- 
tion would be directly the reverse of this 
{»inciple« 

Father. Tou mean to say that the pres- 
sure would be upi^ards) or from the centre 
of the earth. 

Charles. It certainly would* 



• See Vol. t Of McdiUmcs. Conver. V. 
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Father* WeQ, we will poor away die aand 
and put water in its place : what dp you 
say to this ? 

Emma* The water is level in both sides 
of the tabe. 

leather* This then proves, that with re- 
spect to fluids there is a pressure upwards 
at the point b as well as downwards. I 
win show you another ekperiment. 

A B (Plate I. Fig. 5.) is a large tube 
6r jar having a flat bottom : a £ is a small*' 
er tube open at both ends. While I fill 
the jar with water, I take care to hold the 
small tube so close to the bottom of the jar 
as to prevent any water from getting into 
the tube. I then raise it a little, and you 
see it is instantly filled with water fit>m the 
jafr. 

Ckarks. It is : and the water is level in 
the jar and the tube. 

leather* The tube, you saw, was filled by 
means of the pressure upwards, contrary to 
its natural gravity. 

T^^ out the tube; now the water hav- 
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ing escaped, it is filled widi air. Stop the 
Bpper end a with a cc»4t, and plunge it into 
the jar, the water will only rise as high as b. 

Emma. What b the reason of this, Papa? 

Father. The air with which the tube was 
filled is a body, and unless the water were 
first to force it but from the tube, it cannot 
take its place. While this ink-stand remains 
here, you are not able to put any other thing 
in the same part of space. 

Charks. If air be a substaqce, and the 
tube is filled with it, how can any water 
•make its way into the tube ? 

Father* ^l^is is a very proper question. 
Air, though a substance, and, as we have 
ahready observed, a fluid too» differs Iktam, 
water in this respect, that it is easily com- 
pressible ; that is, the air, which by the 
natural pressure of the surrounding atmos- 
phere, fills th^ tube, may, by the additional 
upward pressure of the water, be reduced 
into a smaller space, z&ab. Another ex- 
periment will illustrate the difference be- 
tween compressible and incompressible 

flmds. 

c2 
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Fill the tube, whkh has utiU a cork ift 
one endf with some coloured liquor^ ,m^ 
spirits of wine; over die other end i^ce^ a 
piece of pasteboard, held close to tl^ tube^ 
to prevent any of the liquor from escaping^ : 
in this way introduce Ae tube into a vessi^ 
of water, keeping it perpendicular all ,the. 
time : you may now take afway the paste-^ 
boards and force the tube to any depth, but 
the spirit is not like the air, it cannot in this 
manner be reduced into a sp^ce smaller 
than it originally occupied* 

Emma. "Why did not Ae spirits of wine 
run out of the tube into the water i 

Father. Because spirits are lighter than 
water, and it is a general principle that the 
lighter fluid always ascends to the top. 

Take a thin piece of horn or pasteboard,, 
and while you hold it by the edges, let your 
brother put a pound weight upcm it : what 
is the result i 

Emma. It is almost bent out of my h»tid* 

Father. Introduce it now into a vessel of 

water at the depdi of twelve or fifteen inches, 

it parallel to the surface. In this 
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positicMb it ftustains many pounds weight of 

Ckarka* Nevertheless it is not bent ia 
die least. 

Father. Because the upward pressure 
against the lower surface of the horn is ex- 
actly equal to the pressure downward^ or, 
wfaieh is the satae thing, It is equal to tte 
weight of the water which it sustain^ on the 
upper surface^ 

TTou may vary these experiments by your- 
selves till we meet again : when we shall 
r^uQie the same subject* 
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CONVERSATION UI. 



Ofthe Weight and pressure of Fluids. "^ 

. CHARLES. When you were eiplaimng 
the principle of the Wheel and Axis,* I 
Mked the reason why, as the backet ascend- 
ed near the top of the well, the difficulty in 
raising it increased ? I have just now found 
another part of the subject beyond my com- 
prehension. After the bucket is filled with 
water, it sinks to the bottom of the well, or 
as far as the rope will suffer it ; but in draw- | 
ing it up through the water, it seems to 
have little or no weight till it has ascended 
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to the surface of the water. How is this 
accounted for 7 

Father* I do not wonder that you Bave 
noticed this, circumstance as sii^ular* It 
was long believed by the ancients that was 
ter did not gravitate, or had no weight, in 
water : or, as they used to express it move 
generally, that fluids do not gravitate m 
profrio loCQ* 

Emma. 1 do not understand the meankig 
tf these hard words. 

Father. Nor would I have made use of 
diem, onljr that you can scarcely open a 
treadse on this subject without Gliding the 
phrase. I will explain theit meaning witlf* 
out translating the tfordsy because a mere 
translation would give you a very inade- 
quate idea of what die writers intended to 
express by them. 

No one ever doubted that water and other 
fluids had Weight when considered by them- 
selves ; but it was supposed that they had 
no weight when immersed in a fluid of the 
same kind. Thei fact which your brother 
has just mentioned respecting the bucket 
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was the grand arg:ument upon which they 
advanced and maintained this doctrhie. 

Emma. Does it not weigh any thing, 
&en, till it is drawn above the surface I 

Father. You must, my little girl, have 
patience, and you shall see how it is. Here 
ia a glass bottle A (Plate i. Fig. 6.)) with a 
Jtc^cock B cemented to it, by means of 
which the air may be exhausted from the 
liQtde, and prevented from returning ii^to it 
again* The whole iamadesuflkiently heavy 
to sink in the vessdi of water c d. 

The bottle must be weighed in vir^ that 
is, in (he common toethod ; and suppose it 
Weighs 12 ounces, let it now be put into the 
^situation which is represented by the figure, 
when the weight of the bottle must be again 
.taken by putting weights into the scale z. 
I then open the stop-cock while it is ut^der 
.water, and the water immediately rushes in 
and fills the bottle, which overpowers the 
weights in the scale* I now put other 
weights, say 8 ounces, into the scale, to re- 
^rc the equilibrium between the bottle and 
!f It is evidentf then, that 8 ounces is 
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the weight of the water in tht bottle, while 
weighed under water. Fasten the cock» 
and weigh the bottle in the usual way in 
the air. 

Charles. It weighs something more 4uui 
30 ounces* 

Father* That is 12 ounces for Ae bot- 
tle, and 8 ounces for the water, besides a 
small allowance to be made for the drc^ of 
water that adhere to the outside of the bot- 
de. Does not tkis e^cperiment prov^ that 
the water in the bottle weighed just as much 
ki the jar of water as it weifghtd vbL the air? 

£mma* I think it doed* 

Father. Then we ^re judtHied in cottdt> 
ding that the waiter in the bucket, wbieh th** 
botde may represent, weighed as much^ 
wWle under water in the well, as it did af- 
ter it was raised above the mirface* 

Charles* Tliis fact seems decisive, but 
the diflRculty still remain^ in my mind,' foi^ 
the weight of the bucket is not felt till it ilf 
rising above the Surface of the water. 

father* It may be thus accounted for: 
any substance of the same specific gravity 
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with water, may be plunged into it, and it 
will remain wherever it is placed, either 
near the bottom, in the middle, or towards 
the top, consequently it may /be moved in 
any direcuon with the application of a veiy 
small force. 

^mmtu What do you mean by the spe- 
cific gravity of a body ? 

Father. The sp^c^c gravity x}£ siny bo^ 
d^ is its weight compared with that of any 
other body.* Hence it is also called the 
comparative gravity,: thus if a cuUcal inch 
of water be equal in weight to a cubical inch 
of any particular kind of wood, the spedfic 
oi^ comparative gravities of the water and 
that pairticular wood are equal. But since a 
cubical inch of deal is lighter than a tubical 
inch of wat^r, and water, is lighted than the 
same bulk of lead or brass, we ss^ the spe- 
qifie gravity of the leadf or brass, is greater 
tl^m that of water, and the specific gravity 
of water is greater than that of deal. 
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Cfurhf. The water m ^ buclcet must 
be ^tbe same specific pavi^r with that aft 
the well, because it is a part cf it* 

/Mkr. And the wooden bacfcet differs 
feiy Ufeife ia this reip^iict from idi^ watery 
hecsmtty tbougH ^e W)d is tighter^ yetth^ 
moa ol which the boop^ nd Jhandte art 0Dm- 
foaed is «peci£ailly hcaTior than watari «0 
that the bucket aad vMr ai« aeafiy ^ the 
a»ie Bpedfic gra^y with the water in the 
weU, aikd therefore it is mov&i veiy 'eaKilf 
dmnighit. 

Agaio, we hate idveadjr {Mreved tH»t Ae 
upwfltfd ppesmire of iflqida is a^ual to dir 
prossttte downwards^' tberdTore tbe prsa- 
sureattke 4)ottQiii^ the hnqfcet ^^Wanii 
heiog precise^ equal to ^ iSMie fmst m ja 
eoattiary direcKsfUs^ die 4fi|^&»ti0n of <a very 
maU force>ma4ditioB to the itpward prfis- 
ante, witt eauae the bui^t ^o asc^»d# 

Srima* ¥o¥i acoowt lor th^ ^^ay aaceat 
of the iiuAbet apoa i^ sM^e {>i:ia^le kg' 
which yottbavie ahown ^at houiiwr i^Mt- 
board wiU not be bent, wbeB|daiK^4 hpa^vm* 
tally at any depth of water? 

ToL. ji. D 



Fath^Tm It is : for whea a cask is full, 
and perfectly cloae, Aeve is no ierwsmwA 
yiesstire» and therefore the air ]^«8nog 
flguDSt die mouijli of the eock4tee|pa die Ur 
quor firomniMdAgottt; a hple nkodi^ id; the 
|0f 4)f the cask admiu theeiOeynfiL pvessure 
of the air, by which the liquor is fovced omu 
JXi large caAs of ajk or porter, wfaere^ the 
dtmand i* not very g0;^at, ths ven^alenei4 
aeldofls bt «sed» for acertsuo. portioti of tbs 
W cootsined m the U^|aor^scapes^aa4 be- 
ing lighter than, the bear, ascends to the top« 
by which a pressure is created witbwt tb» 
fmjtfflnff^ fif the fxtgmftl air* 
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CONVERSAltON IV. 



Of the lateral Pressure of Fluidi . 

FATHER. It IS time now to advance 
another step in this science, and to show 
you that the lateral^ or side pressure, is 
equal to the pierpendicular pressure* 

Emma. If the upward pressure, is equal 
to the downward, and the side pressure is 
also equal to it^ tfien the pressure is equal 
in all directions* 

Father* Tou are right* Though die side 
direction may be varied in many wkys, yet 
there are only the upward, downward, and 
lateral directions. Ilie two former we hare 
shown are equal. That the side pressure 
is^ equal to the perpendicular pressure down- 
D 2 
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wards, is demonstrated by a very easy ex- 
periment. 

A B (Plate I. Fig. 7.) is a vessel filled 
with water, having two equal orifices or 
holes, Of i, bor^d with the sai^ie tool, cme 
at the side, and the other in the bottom : if 
these holes are opened at the same instant, 
and the water suffered to run into two glass- 
es, it will be found that, at the end of a given 
time, they will have discharged ec(ual quan* 
titles of water ; which is a clear proof that 
the water presses side- wise as fpjrcibly as it 
does downwards* 

Charles. Are we then tp take it as a ge- 
neral principle that fluids pres3 in every 
possible direction? 

Father. This, I think, our experiments 
haye proved : but you must not forget that 
it is only true upon the supposition that the 
perpendicular heights are equal, yor in 
the Upst experiment, if the hole b had been 
bored an inch or two higher in the side of 
*i.- -^(^^[^ j^g ^^ ^^ ^ quantity of water 
put at a would have been greater 
at bi an4 much ^e^ter WQi^ it 
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kwt been* H i}»s bole h«d been bored at 
£piir or five Uickes above the bottom of the 
veseeL 

Thia mibj€ct of preasiiFe may be fardier 
Hliistr^led* At the bottom of tfai^ tube z 9 
(Plate I* Fig* 8.), «pasi at boih ends, 1 have 
tied a piece «f Uadd^, aixl have poured in 
vater tiK it ^taiidp stt the mark x. Owing 
to the pressure of die water, the bladder is 
convex, that ia, bent outwards ; dip it into 
the jar (JPig^ 5.), the bladder is stiH con- 
vex: duiist it gently down, the swrfoce of 
^ water ¥i the tube i^ now, even with that 
in the jar • 

Mmma^ It is ^ and the bladder at the bot- 
toQi is become tat, 

J«tA^. The petpeodkalar depths beiog 
equals the pifessure upwaKl is equal to diat 
downwards? aod the water iu ihe tube is 
exaedy balanced \xf d^e water in the j;ar. 
Let the tube be din»st deeper inta ^ 
wai»r« 

Charles. Now the bladder |s bent up- 

Wa?:4fi^ 
Father* THie upward pressure is estimat- 
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ed by the peipendicular depth of the ws^tiar 
an the jar, measured from the surface to the 
bottom of the tube : but the pressure down* 
wards must be estimated by the perpendic- 
ular height of the water in the tube, which 
being less than the former, the pressure up- 
ward in the same proporticxi overcomes that 
downwards, and forces up the bladder into 
the position as you see it* This and the 
following experiment are some of the best 
that can be exhibited in proof of the upward 
pressure of fluids* 

Dip an open end of a tube^ having a very 
narrow bore, into a vessel of quicksilver ; 
then stopping the upper orifice with the fin- 
ger^ lift up the tube out of the vessel, and 
you will see a sort of column of quicksilver 
hanging at the lower end, which, when dip- 
ped in water lower than 14 times its own 
length, will, upon removing the finger, be 
pressed upwards into the tube. ' 

Emma. Why do you fix upon I4 times 
the depth 7 

"^ '"^ Because quicksilver is 14 times 
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beamier thsm water» Upon this principk of 
the upward pressure, lead or any other me- 
Ud may be made to swim in water. A b 
(Plate u Fig» 9.) is a vessel of water, and 
a i^ is a g^s tube open throughout, ^ is a 
string by which a flat piece of kad x may 
be held fast to the bottom of the tube. To 
prevent the water from getting in between 
Ae lead and the glass, a piece of ¥ret lea- 
llicr is finBt put over the lead. 

1q this situation^ let the tube be im- 
mersed in the vessel of water, and if it be 
^bmged to the depth of about eleven times 
&e thickness of the lead before the string 
be let gp, the lead will not fall from the 
tube, but be l^ept adhering to it by the up- 
ward pressure below it. 

Emma. Is lead 11 times heavier than 
water? ' 

Father. It is between 11 and 12 times 
heavier; and therefore to make the ex- 
periment sure, the tube should be plunged 
Bomewhat deeper than 11 times Uie thick- 
ness of the lead* 
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Charles. Is it not owing to the wetkJ 
ther that the lead sticks to the tube^ ratbe 
than to the upward pressure ? 

Father • If that be the case, it will reinail 
fixed if I draw up the tube an inch or tw( 
higher : — ^I will try it. | 

Emma. It has fallen off. I 

Father. Because when the tube was 
raised, the upward pressure was diaiinish- 
ed so much as to •become too small to 
balsmce the weight of the lead. But if the 
adhering toge^r of the lead and tube had 
been ckused by theieather, there would be 
no reason why it should not operate the 
same at six or nine times the depth of the 
lead's thickness, as well as at 11 or 12 times 
that thickness. 

This last experiment is neady descri- 
bed by Mr. Capel Lofit in the following 
lines : 



-And since on every side 



The fluid presses with an equal ibrce 
Proportion*d to the coluiQn of its hei^^t. 
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Tbe yidding wiler 11U7 be made to buoy 
Or ieadot£rtid, i( artfiilly^ so much 
Be made to float above the weight anmenV!, 
As» in proportion to the mass entire, 
Equals the difference of gravity 
Between Hie Jbddwal the wUd mass. 

EvnoaiA. 
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CONVERSATION V- 



Of the Hydrostatical Paradox. 

Emma* Tou are to explain a paradox 
to day : I thought natural philosophy had 
excluded all paradoxes* 

Father* Dr. Johnson has given this 
definition of a paradox, *^ an assertion con- 
trary to appearances:" now the assertion 
which I am to refer you to is, that any 
quantity of rpatetj however small^ may be 
made to balance and support any quantity y 
however large* That a pound of waters 
for instance, should, without any mechani- 
cal advantage, be made to support ten 

'^nds, or a hundred, or even a ton weight, 
1 at first incredible ; certsunly it is 
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contrary to whkt one should e^tpect, ftnd on 
that account Ae e&pcrimetit to show this 
fact has usually been ca&ed the hydcost&ti- 
cA paradox* 

Charki* it does appear unacccmntable : 
I hope the experiments may be very easy 
to be understood. ; 

Father* Manyliave been invented for 
the purpose, bfit I know of none better than 
those described hy Mr. Ferguson in his 
lectures on selett subjects. 

B G H (Plate 11. Fig. lO.) is a glass 
vessel, consisting of two tubes of very dif- 
ferent sizes, joined together, and freely 
communicating widi one another. liCt wa- 
ter be poured in at a, which will pass 
dutmgh the joining trf the tubes, and rise 
in the wide one to the same height ex- 
acfly as it stands iii the smaller; which 
shows ^t tihe small cbhmm of water in 
n G balances the large one in the odier tube. 
This wSn be the case if the quantity df 
water in Ae smaU tvdiebe a ittottsand t)r a 
aUtion of timers kss iban tte tjuamity inifie 
I^er one# 

Vox*. II. E 
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If the amallei' tube be bent in any ob- 
lique, situation, at g f^ the water will stand 
at F, that is, on the same level as it stands 
at A* This would be the case^ if instead 
of two tubes thete were any g^ven number 
pf them connected together at b, and va- 
ried in all kinds of oblique directions, the 
water would be on a level in them all; that 
is, the perpendicular height of tlie water 
would be the same. 

Charles* This does no^ quite satisfy 
me ; because it appears that a great part of 
the water in the large tube is supported 
by the parts B about the bottom, and there- 
fore that the water in the smaller tube only 
sustains the pressure of a column of water, 
the diameter of which is equal to its owa 
diameter. 

Father. Tlus would be the case if the 
pressure of fluids were only downwards, 
but we have shown that it acts in all direc- 
tions: and therefore the pressure of the 
parts near the side of the tube acts agaitist 
-*-- — lumn in Ae middle, which you 8up» 
the only part of the water susr 
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tained by that which is contained in the 
small tube, consequently the smaller quan- 
tity of water in d b sustains the larger one 
in A B. 

Let us try another experiment. 

ABC and ABC, (Plate ii. Figs. 11 and 
12.) are iyo vessels, having theit bottoms 
D d and d d exactly equal, but the contents 
of one vessel is twenty times greater than 
the other ; that is, Fig. 11, when filled up 
to A, will hold but one pmt of water> 
whereas Fig* 12, when filled to the same 
height, will hold twenty pints. Brass bot- 
toms, c, c, are fitted exactly to each ves- 
sely and m^e water-Ught by pieces of wet 
leather^ Cach bottom is joined to its ves- 
sel by a hinge d, so that it opens down- 
wards, like the lid of a box* By means of 
a little hook d, a pulley f, and a weight £, 
the bottom is kept close to the vessel, 
and will hold a certain quantity of water. 

Emma* That is, till the weight of the 
water overcome the weight e. 

Father. I shoi:dd rather say, till the 
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pressure of the water overcome ths 
weight E. ^ 

Now hold the vessel (Fig^ 12.) upright 
in your hands, while I gradually pour wa- 
ter , into it with a funnel ; the pressure 
bears down the bottonii and, of course, 
raises the weight, and a small quantity of 
the water escapes. Let us mark the lieight 
ir A, at which the surface of the water 
stood in the vessel when the bottom began 
le give way. 

Try the oAer vessel (Pig. ll.y m the ^ 
same manner, and we shall see that when 
the water rises to a^ that is, to just tint 
same height in this vessel as in ^ fbrmerj^^ 
the bottom will also give way, as it did in ^ 
the other case. Thus equal Weights are/ 
overcome in the one case by twenty pints,' 
of watei*, and in the other by a single ptnf..;J 
The same would hold good if the diflferrj- 
ence were greater or less in any given pto-k 
portion. ^ i 

Emma* What is the reason of dikiv 
Papa ? ;^' 

father* It depends upon two priticlpleft^ 
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witli which you are acquainted. The first 
18, diat fiuid^ priess equally id ajil directions : 
aad the second is, than action and re-action 
arc equal and contrary to each otfien* The 
water, dierefore, below the fixed part b f, 
will press as much upward against the in- 
ner surface, by the action of the sniall co- 
hrniB, as it woulj^ by a column of the ^am^ 
hetffhty and of any other diameter whatso- 
ever: and since action and redaction are 
equal and cpMl^ry, the action against the 
iimer surface b f will cause an equal re- 
acdon of the water in the cavity b^ c c 
agakist the bottom c^ ccHisequently the 
pressure upon the bottom of Fig. 11. will 
be as great as it was upon the same part of 
Fig. 12. 

Charks* Can you prove by experiment 
that there is this upward pressure against 
the inner siuface b g f? 

Father* Very easily : suppose at/* there 
Were a litde cork, to which a small string 

% See Vol. I. Of Mechanics. Coaver. 30. 
e2 
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was fixed : I might plaoe a taht over tke 
cork^ aad then draw k out, ^e cqiiae- 
qu£X2ce of wi^ch would be, that the ^vater 
in the vessel would fcopoe kself 'mU> tbe\ 
tubej and stsuid as high in it as it.dpes m\ 
the vesseL Would not thict ezperifneDC 
prove that there was this upward pressure 
against b f? 

Charles* it would : and I caii easily con- 
ceive, that if other tubes ^vere placed in 
the same ihanner, in different parts of ^ fy 
the same effect would be produced* 

Fitther. Then j'ou mu^t admit, that 
the action against b /, cfff which U the 
same thing, the re-action agaiiist c, that 
\%y the pressure of the water against ^ 
bottom, is equally great as it would be if 
the vessel were as large in every part as it 
is at the bottom, and Ae water fttood level 
to the height j^ a* 

Charles* Yes, I do : because if tubes 
ivere. placed in every part of b ^ the same 
effect would be produced in them all, as in 
the single one at// but if the whole sm^ 
iace vera £ove»d wdi amalt tubosy Aere 



HYDROSTATIC PAIUDOX. 53 

wwUL then be Iktle or no difference be^ 
twcen the two vessels, (Figs* 11 ^d 12.) 

Father* There would be no difference, 
provided you kept filling the large tube, 
«o tliat tbe water ^ould gtand in them all 
at the same lev^l a <!• Otherwise^ the in- 
troduction of a single tube a/ would make 
a material differepce ; for though the water 
in A c would overcome the weight r, yet if 
with my hand 1 prevent any of the water 
from running out till 1 have taken put the 
cork, and suffered the water to force itself 
out of the vessel into the small tube, I niay 
remove my hand with safety ; for the water 
will not overcome the weight now, though 
there is certainly the same quantity of wa- 
ter in it as there was before the little tube 
a f was inserted. 

Emma* I think I see the reason of this : 
the water stood as high as a « before the 
little tube was introduced, but now it stands 
at the level x x, and you told us yesterday 
Aat the pressures were only equal, pro- 
vided the perpendicular heights v^ere ala^ 
equttl^ 
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Father* I am glad to find you so 
tive to what I say. In order that the 
sure may overcome the weight e, yc 
must put in more water till it rise to 
level A Ay and now yk»i see the weight ris 
and the water flows otit* 1 

I will put another tube at g^ and the| 
water rushes into that causes the level to 
descend again to x x^ and I must put more 
water in to bring the level up to a a, be- 
fore it can overcome the weight e. What 
I have shown in these two cases will hold 
true in all, supposing you fill the cover with 
tubes. . 

Charks* I see^ then, that it is Ae dif« 
ference of the perpendicular heights which 
causes the difference of pressure, and- can 
now fully comprehend the reason why, a 
pint of water may be made to balance or 
support a hogshead : or, in the words with 
which you set out, that any qtuintity ofwa" 
ter^ ho7vever smalls may be made to balance 
and support any other ytiantity however 
i^rge* 
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Father* It is to this principle in hydro- 
statics that Mr. Capel Lofft,. refers in his 
work entitled " Eudosia, or a Poem on the 
Umrerse:'' 



AD hofmgenemu fioids, which ascend. 
To equal heights, and join in equal base. 
Balance eadi other ; howsoe'er in form 
Of the cont^ning vessel disagreed^ 
Or in the fiilid qtianttty contain'd. 



' Bmmd0 What does he mean by the word 
homogeneous^ 

Ffaher^ Hbniogeiieous loids, are fluids 
^ the same tmd* What has been proved 
widi regard to wsiler, may be shown to 
hM with regaord to winef ^ oil, or any 
other fluid* But tiie experiment will hot 
answer if different fluids are made use of, 
as wat^ smd oil togedier. 
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CONVERSATION TL 



Of tjie Hydrostatic Bellows. 

F4THER. I think we have made it 
sufficiently clear that the pressure of fluids 
of the same kind is always proporUonal to 
the area of the bi^e multiplied, into the 
perpendicular height at which the fluid 
stands, without any regard to the form of 
the vessel, or the quandty of fluid contain- 
ed in it. 

Emma. I cannot, help saying, that it still 
appears very mysterious to me, that a pmt 
of water (Fig, 11.) should have an equal 
pressure with the twenty pints in the next 
vessel. You will not say that one pint 
— -Tths as much as the twenty. 
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Father* Your objection is proper. The 
pressure of the water upon the bottom c, 
c, does not in the least alter the weight of 
the vessel and w^ater considered as one 
inass ; for the action and re-action, which 
cause the pressure^ destroy one another 
with respect to the weight of the vessel, 
vhkh is as much sustained by the action 
upwards, as it is pressed by the re-action 
downwards. 

The pressure of water and other fluids 
Offers from the gravity or weight in this 
respect; the weight is according to the 
quantity ; but tlie pressure is according to 
Ae perpendicular height. 

Charles. Suppose both vessels were filled 
with any solid substance, would the effect 
produced be very diflferent ? 

Father. If the water were changed into 
ice, for instance, the pressure upon the 
bottxmi of the smaller vessel would be much 
kss than that upon the larger. 

Hqre If another insUiiment (Fi|;* l^O 
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to show you dut a very few ounces of wst^ 
ter win lift up and sustsun a large weighe. 

Etnmcu What is the iastrument caQed i 

Father. It is made like common bel- 
lows, only without valves, and wtHers 
have given it the name of the hydrosta^ 
bellows* Hiis smsA tin-pipe e 9 p com^ 
municates with the inside of die bellows^ 
At present the upper and lower boaid are 
kept close to one another with the weight 
iv. The inside of the boards are hot very 
smooth^ so that water may insinuate^ itsetf 
between them : pour ^s half pint of wa* 
ter into the tube. 

Charles^ It has sqmntfed the boards, 
and lifted up the weight. 

Father. Thus you see that seven or 
eight ounces of water has rabed and con- 
tinues to sustain a weight of 56 ft. Bjr 
diminishing the bore of the pipe, and in« 
creasing it9 length, the same or evc!n n 
smaiyr quantity of watq: woul^ nuse a 
muchlarger weight. 
ChurLnB. How do you £nd the weight 
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that can be raised by this small quantity of 
water? 

Father. Fill the bellows with water, 
the boards of wluch, when distended^ are 
three inches asunder. I will screw in the 
pipe. As there is no pressure upon the 
hellowsy the water stands in the pipe at the 
same level with ^t in the bellows at t. 

Now place weighte pb[ the upper board 
till the water ascend exactly to tfie top of 
Ae pipe t : these weights express the 
weight of a pillar or column of Water, the 
base of which is equal to the area of the 
lower board of the bellows, aiid the height 
equal to the distance of that board from 
the top of the pipe* 

£tnmcu "VTiXL you make the experiment ? 

Father* Tour brother shall first make 
the calculation* 

Charles. But 1 must took lb you for 
assistance. 

Father. You will reqmre very little of 
my help. Measure the diameter of the 
bellows, and &e perpendicular hei^t of ^e 
pipe from the bottom board. 

Tot. u. F 
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Charles, The bellows are circular, and 
12 inches in diameter; the hei^t of the 
pipe is 315 inches* 

Father. Well ; you have to find the 
solid contents of a cylinder of these dimen- 
sions ; that is, the area of the base rnuld* 
plied by the height. 

Charles. To find the area I multiply the 
square of 12 inchesf that is, 144, by the 
decimals .^854, and the product is 113, the 
number of square inches in the area of die 
bottom board of the bellows. And 113 
multiplied by 36 inches, the length of the 
pipcf gives 4068, the number of cubic 
inches in such a cylinder ; this divided by 
1788 (the number of cubic inches in a cu- 
bic foot,) leaves a quotient of 2.3 cubic 
feet, th^ solid contents of the cylinder. Still 
I have not the weight of the water. 

Father^ The weight of pure water is 
equal in all parts of the known' world, and 
a cubica,! foot of it weighs 1000 ounces. 

Charles, Then such a cylinder of Water 
as we have been conversing about weighs 
'""^ ouncQS) or 144 pounds nearly. 
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Emnuu Let us now see if the experi* 
mcAt answers to Charles's calculation. 

Father^ Put the weights on carefully, 
or you will dash the water out at the top of 
Ac pipe, and I dare say that you will find 
the fact agrees with the theory. 

CharleSm If instead of this pipe, one 
double the length was usedf would the wa- 
ter ausUun a doable weight ? 

Father • It would: and a pipe three or 
four times the: length would sustain three 
or four times greater weights* 

Charles* Are there then no limits to 
this kind of experiment, except those which 
arise from the difficulty of acquiring length 
in the pipe ? 

Father* The bursting of the bellows 
would soon determine the limit of the ex- 
periment. Dr. Goldsmith says that he once 
saw a strong hogshead split by this means. 
A strong small tube made of tin, about 20 
feet long, was cemented into the bung-hole, 
and then water was poured in to fill the 
cask : when it was fulU and the water had 
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rifien to within about a foot of the top of 
the tube, the vessel burst widi prodigpoos 
force* 

Emma* It is very difficult to concern 
how this pressure acts with such power. 

Father* The water at ^ is pressed with 
a force proportional to the perpendicular 
altitude e Oi this pressure h conununicated 
horisontally in the direction o pq^ and die 
pressure so communicated acts, as you 
know, equally in all directions : the pressure^ 
therefore, downwards upon the bottom of 
the bellows is just the same as it would be 
{{ p q nr were a cylinder of water. 

The experiment made on the bellows 
might, for want of such an instnunent, be 
made by means of a bladder in a box with 
a moveable lid. 

Emma. Has this property of hydrosta- 
tics been applied to any practical purposes? 

Father. The knowledge of it is of vast 
importance in the concerns of life. Qn this 
principle a press of imipense power has 
been formed, (Plate ii. Fig. 14.) which 



r 
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we shall describe after you are acquainted 
with the nature and structure of valves^ and 
which is used in many sea-port towns for 
pressing into small compass hay and other 
CQUEunodities which it is necessary to tran- 
sport on board of ship, but which in their 
natutal state would take up too much space* 



t2 
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CONVERSATION VI- 



Of the Pressure of Fluids against the Sides of Vessels- 



FATHER. Do you recollect^ Charles, 
the law by which you calculated the accele- 
rated velocity of falling bodies?* 

Charks* Yes : the velocity increases in 
the same proportion as the odd numbers If 
3f 5, 7, 9) &c. ; that is, if at the end of one 
second of time it has carried the body 
through 16 feet ; then in the next second the 
body will descend three times 16, or 46 
feet : in the third it will descend five times 
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16fee^ aod in the neaascvea time^ ^€r f^% 
and so on cootio^Maliy ipcf easing vol^^ sm» 

faih^. How mmy feel hfta it fidiisa at 
together sit tbe end of tbe. tMrd second i 

Emma* I recollec;! this ¥ery \rdl; the 
whole spocQ through which it wiU faH in 
thcee seconds is nine tinoea 16, or 144 feet s 
because tbe ruk i;5^ tha^t the whole^ spaces de- 
scribed hy falling bodies are in pitspoc- 
tbn to thie sc|uares of the times^ and ilbi 
s^re of three is nine, thorefoire if k feil 
through 16 feet in the first second^ it will in 
three seconds fall through nine timea 16, 
and in five or eight seconds, it wilt deSiOend 
ia the former case through 2;5 times J 6 feet, 
and in the latter trough 64 tim^ lr6* f&et, 
for 25 is the square of five, and 64 is the 
square of eight* The example of the aarrow 
which youj gfive me to work has fixed the 
nile in my mind* * 

Father. WeH, then, what I am going ^ 
\fSy you, wiU tend to unpi^s^tbe snWi^l 
stsonger in your memory* 

The pressure oi? fl^ids agpiwji *^7 aitk*^*^^ 
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mny vessel increases in the same proportion, 
and is governed by the same laws* 

Suppose ai c d (Plate ii. Figw t5.} to be 
ft cubical vessel filled with water, or aoy 
other fluid, and one of the sides to be accu- 
irately divided into any number of equal 
parts by the lines 1, 7 ; 2, 8 ; 3, 9, Sec 

Now if the pressure of the water upon 
the part of the vessel a 1 i 7 be equal to an 
ounce or a pound, then the pressure upon 
the part 12 7 8 will be equal to three ounces, 
or three pounds ; and the pressure upon the 
part 2 3 8 9 will be equal to five ounces or 
poundsi and so on. 

Charles. Then I see the reason why the 
other part of the rule holds true ; viz. that 
the pressure against the whole side must va- 
ry as the square of the depth of the vesaeL 

Father. Explain to us the reason. 

Charles. The pressure upon thtjirst part 
being 1, and that upon the second 3, and 
that upon the third 5; then the pressure 
upon the first and second taken together b 
by addition 4 : upon the first, second, and 
«ist be 9; and upon the firsti sc^ 
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cond, third, and fourth^ it will be 16 ; but 4, 
9f 16, are the squares of 2, 3, 4. 

Emma* And the pressure upon the whole 
side abed mi^t be 36 timed |;reater than 
that upon the ^mall part a 1 b 7^ 

Charles* And if there are three vesseb^ 
for instance, whose depths are as 1, 2, and 
3, the pressure against the side of the second 
win bp four times ^ater than that si^inst 
die first! ^^ ^^ pressure against the sid^ 
of the third will bp nin« tim^ greater thf|» 
duit against the first. 

Father* Toi; jire right: th? besiutifu) 
simplicitjr pf the rule, ^d its being the tamjj 
by which the accelerating velocity of Mif^ 
^ies is governed, tfiU make it in^ipo^sib^ 
that you should hereafter forget it. 

The use that; I sbaU here^ter call you t^ 
Qiake of the rulei induces me to p^t a que^* 
tipn to Enuna. 

In two can^f one fiv( feet deep^ ^ the 
odier 15, what difference of pressure w^U 
there be a^inst the sides of these csm^ ? 

Emma. The pressure agWft the one win 
be as the square of 5, or 25 > that ag^u^^t 



70 HYDROSTATICSi 

the Other wUl be as the square of 1 5, or 225 ; 
now the latter number divided by the for- 
mer gives 9 as a quotient, which shows that 
the pressure" agsunst the sides of the deep 
canal is 9 times greater than that against the 
sides of the shallow one* 

Can this principal be proved by an ex- 
periment? 

leather* By a very simple, one: (Plate 
II. Fig. 16.) is a Vessel of the same size as 
the last, the bottom and the side b are wood 
mortised together; the front and opposite 
ude are glass carefully inserted in Ae 
wooden parts, and made water-tight. ^A 
tHn board c hangs by two hinges x y, and 
is held close to the glass panes by means of 
the pulley and weiglu w. The board is 
covered with cloth and made water-tight. 

Now observe the exact weight which h 
overcome when the water is poured in and 
ri^s to the line 1 ; -then hang on four times 
that weight, and you will see that water 
may be poured into the vessel till it rise to 
the Une 2, when the side c will give away 
anri Uf part of it out. 
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Emma. But why does only a part nm 
away? 

Father. Because when a small quantity 
of the water has escaped, the weight w is 
greater than the pressure of the water 
against e, therefore die door c will be drawn 
close to the glass planes, and coftfine the 
rest within the vessels. 

You may now hang cm a weight nine 
dmes greater than the first, and then the 
vessel will contain water till it rise up to 
the mark 3, when the side wiH give way by 
the pressure, and part of the water escape. 

Charles. You have explained the man* 
Her of lestimating the pressure of fluids 
against the sides of a vessel ; by what rule 
are we to find the pressure upcm the bot- 
tom? 

Father. In such vessels as those which 
we have just described : that is, where the 
sides are perpendicular to the bottom^ and 
the bottom parallel to the horizon, the pres>' 
mire rvill be equal to the weiffht ofthefliMs. 

Emma. If then the vessel y x hold a gal- 
lon of water, which weights about eight 
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pounds, and if the bottom were made 
oble Uke die side, would a weight of et 
jKHUids keep the water in the vessel ? 

Father. It would : for the there would 
ah equilibrium between the pressmne of 
water and the weight. Andthepressure i 
any om side is equal to half the ] 
^ipon the bottom s that is, provided the bot^i 
torn and sides are equal to one another. 

Charles. Pray, Sir, explain hoDv this is 
made out. 

Father. The pressure upon the bottom 

is, as we have shown, equal to the weight 

of the fiiud. But we have also shown that 

4ihe pressure an the side gro^s less and less 

continually, till at the surface it is nothing. 

Since then the pressure upon the bottona is 

Uuly represented by the area of the base 

toultipUed into the altitude of the vess^ ; 

the pressure upon the side will be repi^aent- 

'^ by the base multiplied into bsdf the idti- 

^de. 

EmtMU Is the pressure upon tlie four 
«ides equal to twice ^e jpremire upon ibe 
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Father. It is : icofisequently the pressure 
of any fluid upoa the bottom and four sides 
of. a cubical vessel b equal to three times 
the weight of tifefifid. 

Cs» you, Charles, tell me the difference 
between the weight and the preasure of a- 
coq^al vessel of waGrf ftanding on its base? 

Charles. The weight cS a conical vessel 
of any fluid is found by multiplying the :u*ea 
the l^se by one tlifdpari of its perpendic* 
vihr height* : but the pressure is found by 
mitlti^ying the haSe by ttfe urtibfe ferpen- 
ticubr lufigbti iJierefidre thb pifessure upra 
the baie «/iil be exfxal to time times' the 
weight. 

KoTTE— The rule for findihg tne aoKdify' of a cone or 
Ipyrifmid is tliis, « Mifltiply xM ^redo^tSii m& hy^ 
oTtHe liei^ht,' and the pf odiict w^U be the Mdity * 

• Sfee Bonnycastle's Iiitroduction of Mensuritioi^ 8ci. 
it.t^. Secontfiiifion. 
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C0NVER8ATIUN YilL 



Of the Motion of Fluids. 

^FATHER. We iriM now consider the 
pressure of fluids with regsu-d to the motkm 
of them through spoutii^pipes, which b 
subject to the siime law. 

If the pipes at 1 and 4 (Fig. 15.) be equal 
^n size and length, the discharge of water 
by the pipe at 4 will be double that at I. 
Pecause the yelpcity with which water 
spouts out at a hole in the side or bottom 
of a vessel, is as the square-root of the dis-' 
tance of the whole bek>w the surficice of the * 
water. 

^'^ma. What do you mean by the square--' 
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Father. The gquare-root of any number 
2S that which being multi{died into itself 
prodaces the said number. Thus the square* 
root of 1 is 1; butof 4it is 25 of 9n is 3f 
and •£ 16 it is 4, and sa on. 

Charles. Then if you had at all vessel of 
water with a cock inserted widiin a foot of 
the t^, ancl you wished to draw the liqUor 
off diree times ^ster, than it could be done 
with thati what would you do ? 

Father* I might take another cock dt the 
ttme 8ize» and insert it into the barrel at 
Bine fe^, distance from the sui&cef and the 
thing required would be done* 

Emma. Is this the reason why the water 
mas so slowly out of the cistern when it is 
nearly enq^p^ in comparison of what it doea^ 
when the cistern is just full ? 

Father. It is: because the more water 
there is in the cistern^ the greater tfle pres* 
sure upon the part where the cock is inser^^ 
ted ; and the greater the pressure^ the grea* 
tcr the velocity, and consequently the quan- 
tity of water that is drawn off in t^c samfr 
time. 



CW^> ^4 ^g o|het ^^ rfig bpjttqpfi j A9.yr, |f 

or wine from bc^ wck?^ ^t o^c^ K^i^ wU 
|94 ib^t t*»f tourer wp tpym o»t tfe? Ka»ar 

Cparksf. In wbat proportio|i ^ ^ 
Mather. As the squa»-n)otc^12 is grea!# 
ter dian that of 1 ; t^at is, wUle ypu bas» « 
fuartfcom tb&uppex cock, dureepbte^BMr- 
\f. vould run from tb« lowec one* 

$mma^. Am w^ tben to imh^^tbmisI Atl^ 
the pressure 9i(pmt the siik olg nm^ ill& 
cimMs in {itopocfiiait to the «$^ca^ of the 
4epth| but the vdodty. op a spmting, pip& 
vhich depends upon th^ pressure, incr^isfis 
only as the square^raot of the depth i 
JMher^ lliat is the propei: distinction^ 
Ghprkt* b iipt A^ vdoci^K of w^tsTt 
ninning out of a vessel tbut empties itself 
c<»ittpudl}( decreasing .^ 

^afhen* pertaiply : he^pjiMsp in ptoppr^w^a 
to Aue cpiantity drawn Q(f> tb^ ^urf^iicf^ ^ ' 
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scenday and coosequeody. the perpendicular 
depths becomes less and less* 

The spaces described by the descending^ 
saiface, in equal portions of time, are as 
the odd numbers 1, 3f 5, 7» % &c. taken 
backwards* 

Emma. If the hdght of a vessel filled 
with any fluid be divided into 25 parts, and 
in a given space of time, as a minute, the 
surface descend through nine of those parts, 
will it in the next minute descend through 
seven of those parts, and the third minute* 
five, in the fourth three, and in the fifths 
one? 

Father* This is the law, and from it hare 
been invented <:kpsydras or water-clocks. 

Charles. How are they constructed Sir? 

Father. Take a cylindrical vessel, and 
havrog ascertained the time it will require 
10 empty itself, then divide, by lines, the 
surface itito portions which are to one ano- 
ther as the odd numbers 1, d» 5, 7^ Su:*^ 

Emma. Suppose the vessel require . six . 
hours to empty itself, how must it be divl-- 

ded? 

g2 



JFi^kff. 1% must first be divided kite SB 
e(|ual parts; thi% beginnuigfroiii ^ stir^ 
%ee, take 11 of thoss parts ftx ibe fifvt 
Iiaufy. Qiiie Cor tlie aecosd, se^eo for tfekv 
3d» fite fiur ^ 4th^tbree far tl^ 5tl^ and oa» 
fprtheGth: aiMl you will find that theslirfiM^i#f 
tiie wator wiH descend regi|iar}y t}»ou^ 
oach of these (U Visions in an hcttir* • v 

i bdkve hotk of you have seen the locka 
t;^ are ccmstructed on the river |iea» 

Charles Tea : and I hare wondered vrhf^ 
the flood gates were made of such an enofl^ 
mous diicknes^ . 

Father. But after what you have hea«r^ 
i^spectinj^ the pressure of fluids^ you will see. ' 
the necessity that there is for the grealj^ 
strength emyloyed. ;^ 

Charles^ I do: for sometimes the height *^Q 
of the water is 20 or 50 times greater oab^ 
one sid« of the gates than k is on the other^'F 
theneforet the pressure wilt be 40D or evea^^ 
900 times greajter against one side than it is|^ 
agmnst the other* ''^ol 

£mm6u How are die gate* opfened whai-5 
we^fht presses against thtm i \ 



PatkiMr. Hiert ia tcarcdy any power by 
wUch A^ could be moved when tMt 
wc^t of waleir is against them | ^re£E>re 
Atre «re^tiilce« bf the side, whieh being 
(hiwn up, the water gets awtf and passes 
iiib) die bason ^ it beebmes level on both 
ttdes; diea the gates are opefied with the 
ptstest ease, beeause the pressure being 
e^ on both sides, a Bmatt force applied 
vitl be sttffidkot to overcome the fraction of 
the hioges or pther tridii^obstackSf 

Ckarks* It b this great pressure that 
iometiiiie$ bea^ down the baodts of rivers I 

father* It is : for if the banks of a ri« 
verer cansd da not increase in strength in 
the proportion of the square of the depth, 
tb^ canned stand. Sometimes the water in 
amrer wiU insinuate itself throiigh the bank 
Qcar the hotttomy and if the weight of the 
bank be nc^ equai to that of d»e wafer, it 
till assyaredljr b^ toni Up,^ perhaps with 
^m violence*. 

I Witt make the matter ciesiflr by a draw- 
Bg* Suisse thii^ figure (Flatii %u Fig* ^ 
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be a section of a river, and c a crevice m* 
drain made by time under tbe baric fff^hy 
what we have shown before, die upward 
pressure of the mrater in that drain is equal 
to the downward pressure of the water in 
the river ; therefore if that part of the bank 
be not as heavy as a column of water the 
same height and wedth, it must be torn up 
by the force of the pressure* 

Charles. Is there no method of securing 
leaks that happen in the embankments of 
rivers? 

Father. The only misdiod is that called 
fuddling^ If n be the bank of a canal in 
which a leak is discovered, the water must 
be first drawn off below the leak, ami a 
trench 18^ or 20 inches wide dug lengths 
wise along the side of the canal, and deeper 
than the bottom of the canal : dus is filled, 
by a little at a time, with clay or loam re- 
duced into a half fluid state by mixing it 
with water : when the first layer, which is 
"hove six or eight inches deep, is 
^ another is worked in the same 



maimer till the whole be filled* By this 
means, if the operation be performed by 
stilftd hands, and time be allowed for all 
die paarta to dry and cohere, the bank be- 
comes strong and imp^ietrabtcr. 
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CON'igSRSATION VS^ 



OP the Motion of Flalda. 

} 



FATHER • I will tiow show you an cx- 
perinent by which you^ will disenre the 
unirormity of nature's operations in regard 
to spouting fluids. 

Charles. Do you refer to any other facts 
-besides those which relate to the quantity 
of water issuing from pipes i 

Father. Tes, I do. Let a b (Plate ii. 
Fig. 18.) represent a tall vessel of water, 
which must be always kept full while the 
experiments are making. From the centre 
of this vessel I have drawn a semicircle, the 

J! -.-, ^f which is the height of the vea- 

1 have drawn three, lines, tl i 
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horn liie centre of the ve^^I ; c iy a $y at 
equal distances from the centre^ the one 
above and the other below it : all thre^ are 
drawn perpendicnlar to the vessel* By tak- 
ing out the plu^ from the^:end*e you will 
sec the water ^)ot:^ to m* Take your cona- 
passes and you wiU find that the distajnce 
N H is exactly double the length of 1/ 2. I 
win now stop ^is plug and open the next 
Mow. 

Charles. The water reaches to k, which 
is double- the length of iz 5. 

Fatter. Try in the same manner the 
ppec. 

Charles. It falls at the same spqt x ^s it 
did from the lower one* 

Father. Because the lines c 1 and a S 
being equally distant from the centre of the 
semicircle, they are equal to one another. 

Emma. Then h k is the 4ouble of c 1, 
as well as of a 5. 

Fisher. It is. The general rule deduced 
from thise eiqperiments is, that the horizon- 
t4 distance to which a fluid will spout 
fi(m m horiaontal pipe, in any part of 
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file side of an upright Vessel t>eIow Ac 
surfiarce of tiife fluSd, b tquiil td t#ic* ffie 
length bt k t>erpefidictilsdr to the sbl^ of di^ 
vessel, d^v^h frbm thi iiouth of ih^ pt^ 
id ^ ^^i^icii^efe described upbti thii Nitidis 
of the V^edscI* 

C^n >oil, Ch^Wsr, teH hife 16 #ha< paM 
file iwjffe ^houM Ite ^c^c^ Mi ofd^ fliiaft £ti( 
fittid shouH d^ont tife ftrtfiest pdssftle ? 

Charles* In the centre : for the fin^ a 2 
deetiT^ tof b6 the greatest of sill the Ixnei that 
can be dralm from tht Vessel t6 <ht caiH^ecl 
Hire. 

Father. Yes, it is demonstrable by ^eo* 
tt^trjf that this is the case ; Arid thai lines^ at 
equal distances froih the' centre khb}f6 drid 
6eIoW stt-e also equal to edch othef. 

£jH^di. thttk vti 4lt Cas6s, It piipQi ^f6 
placed equ^ly distatit froA the ctritre, the*;^ 
i^ill s{)out to th^ same jjoin't!. 

-P^zM^r. They will. In§te^(* bf h6vi3^o&- 
td pipes, J ^iff ftae rfir^e 6ther^ lie** n, 
ifrhich ^hall ppitit Obliquely libWaV^ at At 
ftf(?iit atogleiT; 6n^ at 2a<^ ^, tSi^ ^^toiid 
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mil see -t)lat Trhen I o{>«ti tk^ codes ^^^ 
vtter 'wtt t:at the minre Uae neiply, but 
not aocurat^, ia those ports ca ivUch the 
horizontal lines «c»e dcamw 

iaktniea.^' Thft whioh sipoats from the 
^fmtr^ k thromi to the fM^kt it^ as it w«s 
twm tbeo^m« b<m^c»tsd pi{ie. The two 
4iAen SaH ^oa liie ^poiot Ky on whidi the 
4ippar Md iolrar torisoatid "pipes ejected 
the strestn. 

Ef^mu l<boQg:fai; tb^ vmtier tvom ^ 
upper cock did not reach «o high as the 

Father^ It 4id «eft. The i^Sfion is, that 
it l»d ta passtht^ougii ^ kii«ger body of air^ 
and the resistance inBim ihait retai^d the 
i^ater and pte^^etvttfd it irom ^asceDdinp: to 
dltfoiMJto >vfhidi k wouM have Mcended 
if «he air 4iad beentakega awny. 

While we ave on tlm^afcject, I witt just 
wendoii^ jAm an yon see die water «pon«s 
die f;irthe8t when die pipe is ^^levated to on 
angle <rf4^S «o ^ gp^, oamnoni <cc. will 
fMjodt^oilat the ^tdnut tf iit ht «lev9ned 
ID nq angle <tf4^« 

Vol. IX. fl 
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Charlet. Will a oinhoa or mortar carry 
a ball equally distant if it be <:levated at an- 
^gles equdly distant from 45^ ^ the one 
above and the other bdow i 

Father. It will in dieory : but omng to 
the great ic^ttaoee which very swift mo*. 
lions meet with from the air^ there must 
be aBowances made for some* considerable 
Variation between theory and [Practice. 

A regard to this will explain the reason 
why water will not rise so high in a jet as 
it do^s in a tube. 

Emma. I do not know what this means% 

Father. Tou hs^e seen a foimtaku 
^ .Emma. Tes, I haye c^ten been amused 
with that in the Temple. 

Father. All fountains are called jets, or 
jets d*eam. Now if the water of that in the 
Temple ascended in a pipe, it would rise 
hi^er than it does in the ofetL air* VHim 
to Fig* 10, the w^tcr in the small tube rises 
to a level with that in the larger one ; i^ow 
if the tube h c were broMn off at i:, the 
water would spout iq> like a fountain, but 
> hig^ as it 9tsmds in the tube, per- 
^ higher than to ^* 
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Charles^ Is that owing whoDy to the re- 
ttstance of the air I 

if^athtr* It is to be fiscribed to the resis-. 
toacc which the water meets with from the 
atr and to die foree of gra¥it}% which has 
a tendency to retard the modon of the 
steam. 

Imma* Why does t!^ foantain-in the 
Temple sometimes play higher and some-^ 
times lower ? ' 

F4Hher, Kear &e Temple-ball there is a 
»«crvoir of water, from which A pipe com- 
municates with the jet in the fountam : and 
xcording as the water iti die reservoir is 
Ugher or lower, the height to which the 
ibuQtain pb^s is regulated. 

Charles* By turning a cock near the 
pump, the fountain is instantly lowered. 

Pother. That cock is likewise connected, 
with the reservoir, and therefore taking 
water from it mtist have the effect of low- 
ering the stream at the fountaioi as well as 
diat in tHe reservoir. 

^mma. It soon retovers its force agaia* 

Father. Because. there is a coiffttant - 
ply of water to the reservoir, which, 
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ever, doet not come in «o <tinclc aft lb* €ack 
kta it out, or the fountatn woiild aJbwajrs 
play to the same height. 

From ^hat you have dresKly kHEmt cm- 
rtris subject, you will be abk |o ksiow ham 
London and other places are su];^lied mtK 
water. 

Charles. Lond^ is, I beBeve,. stippdied 
fmtn the New River, bm 1 ^ mat Jmew 
in what manner. 

Pathet. The New Ritcr is a stream of 
wKttr ^t comes from Wa(re in EfertfoHi^ 
shire I itnins into a r^ervdir ifitustedett 
the high ground neat Islnigtdn. Frdmftb^ 
reservoir pipes are laid into those pratts <rf 
toy^n that have their water from the New 
KtiVer, and through these pipes the water 
flows into cisterns belonging to diflR^refit 
houses. 

Mmmd* Then the reservoir at IsUngts!^ 
must be higher than the cisterns in Igya* 
don. ' 

Father* Ceruinly, because water willno^ 

rliif? sihove its level. On this account some 

igher psofU of towa have hitherto 
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been. 8U|^[^d from ^ ponds at Hamp* 
stead; aod odi^^ are sQptt>tied from the 
Thames, by means of the wat^ works at 
X4Qndoa4Hidge. 

Ckaries. Are. pipes hid sdl the way frcun 
Hampstead to town! 

Father • They are ; but these SAq>pIy the 
intermedUite viUsges, as well aa .London : 
and Hampstead standing so high, the water 
is carried up into the first and Sifccond stories 
k some hous^. Thus you see that water 
aiay. be carried to any dbtance, and houaes 
en difiet^ent sides of a deep vaUey may be 
Mpplted by water from ihe ^ame spring** 
liead* Tou must remember that if die val- 
leys are very deep, the pipes must be ex- 
ceedingly strong near the bottom} because 
the pressure increases in the rapid propor- 
tion of the odd numbers 1, 3, 5, 7^ 8cc« and 
Uierefore, unless the strength of the wood 
or iron be incr^isod in the same proportion 
the pipes; will be contjnuailly bursting* 

Emmih Tou told me the other day, that 
the Uurge mound of earth, for it appears 
asdiing else, near the end of Tottenham- 
h2 
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coutt*rotd, wae hitetickd as a reseiroir tor 
iSie Nevr Biver. 

Fattier. What appears td you> and oA»» 
who pass i^ it^ oply as a mound of eafdi, 
is an exceedingly krgc bason cap^ibfe ^of 
iiontaifting a great many thousand hogs* 
heada of water* 

ChatUs. How will tiiey g^ the watw 
into it? 

I^atfier. At IsUiigton, near the Strw Ri- 
ver Headt is made a large re^rvoir updo 
sofllie vtry hig^ ground, into which^ b^ 
means of a steam^ngine, they wificonataot* 
ly throw water from the jfewKver. This 
reservoir being higher than that in Tottc«- 
ham*court-road^ nothing more is necessarj^ 
ihs^ to lay pipes from isIingH^n to that 
place ki order to keep k constancy fall of 
water* 

By tkia contrivance the^Bfew Kiver com- 
pimy witLbe afote to exiand their bmioesB 
to other pMts of London where their pre** 
aent head of water cannot reaeh# 

Cha^jks^ The weight erf water ift thii 
*>Hm beimmensefy great. 



Anther. It myst; and therefore ;i^oii ob- 
serve what a thickti^s the mound of earth 
against the waU is towards the bottom, and 
that it dimini^ea towards the top as the 
jiressuie becomes leas and 1<^S8» 

£mma* Would not the consequences be 
very serious if the water were to insinuate 
itself through the earth at the bottom? 

Father* If sueh an accident were to hap* 
pen when the reservoir was foB of water, 
it would probably tear up the works and do 
incredible mischief. To prevent this, the 
vast bank of earth is sloped within, as well 
as widioutf it wiB then be covered with a 
strong coatjfng of clay ; after this it wifl be 
built t^ with a very thick brick-waH, which 
will be carefully tarrassed over ; so that the 
whole mass will be as firm dnd compact as 
a glass bcyttle. 
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CONVEBSATION X. 



Of the Specific Gravities of Bodies 



EMMA. What is the reason. Papa, that 
«ome bodies as lead or iroa, if thrown into. 
the water, sink while others^ as wood, will 
swim? 

Father. Those bodies that are heavier 
than water will sink in it, but those rfiat are 
lighter will swim- 

Emmix. I do not quite coijilprehend your 
meaning ; a pound of wood,' another of wa- 
ter, and another of lead, are all equally 
h,eavy. For Charles played me a tjick the 
^.1,-^ Hay 2 he suddenly asked which was 
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heavier, a p^ittd 0$ Itad4)r a pott9d of fea* 
tihers? 1 said the kad, and you all>Hi|^ed 
at mcv by which 1 \vrsm soqn kd to^per^ve, 
tilatapcsmd^or IG ouiKes^^of M<3r siib^iiee 
whatever, must be always equal t» the sanMft 

Father* You ate not the firat jieraon that; 
kft» beca takiett m fc^ thb miealioa. it is a 
common txvM* Although a pound of lead 
aad another of water be equally heavy, yet 
t&ej are not of equal magnitudes* Oo you 
know how much water goes to a pound ^ 

Charles^ Tea; about a pint. 

Father* Ho you think that if I were to 
fiU the same pint pleasure wUh. lead, that 
would weigh a pound only ? 

Charles* Oh no; that would weigh a 
great deal more. I do npt believe that the 
t4p<»md weight below stairs is much lar* 
ger than a pint measure. 

Father m Ye^ it is^ by about a fourth part : 
the same measure that contains one pound 
of wkter, would, however, contain about II 
pound of lead : but it would contain l^ 
poqnds of quicksilver, \rhich, you knpv^ 
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cottld as easily pour into the vessel as if it 
were water. 

Here are two cups of equal feise; fin the 
one with water, aad I will fill the other with 
quicksilvcK 

Mmma. "Why did you not let dixies 
pour out the quicksilver f 

Father- ITie loss of water is a t»attcr of 
little consequence ; but if^ ty chance, he 
had thrown down the quicksilver, the acci- 
dent might have occasioned the loss of six- 
pence, or a shilling ; and economy is right 
in all the affairs of life. Take the cups in 
your hand : which is the heavier ? 

Charles. The quicksilver by much« 

Father, But the two cups are of equal 
size. 

Emma* Then there must be equal quan- 
tities of water and quicksilver. 

Father. They are equal in bulk. i 

Charles. But very unequal in weight: 
shall I try how much heavier the one is than 
the other. 

/'W^err. If you please. In %vhat manner 
ascertain the matter ? 
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Chartes. \ wiM carfuUjr weigh die two 
cups, and then dividing the large weight bjr 
^snudler, I shall see how ndany timea hea- 
vier die quicksilver is than the water. 

Father J YotrvriU not come to the point 
accun^ly by. that nieans; because tlie 
weight of the cups is probably equal» but 
hjr this method they ought to differ in 
weight in the same proportioa aft the two 
substances* 

Emma. Then pour the quicksilver fiiw 
into the scale And weigh it r afterwards do 
the same lirith the water; and divide the 
former I^ the latter : iv^ifi not diat ^ve the 
result? 

Pother. Yes, it wlH : or you may make 
the experiment in this method. 

Here is a' small phial, that weighs, now it 
is empty, an ounce; fill it with pure rain 
waten and die weight of the whole is two 
QUQces. 

Charles. Then it contains one ounce of 
Water. 

Pother. Boior out the water and let it be 
weH dried both withUi and without; fiU it nfynr 
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meiy aoeiMtely with ^cksilxr^r, atid WiHg^ 
k again* 

£99^Mi. k we'^ghs a lit|tle move tbsai 15 
ounces s but as -die botde weq^ one om/Cfip 
tlie ^kl;;8'dver weighs a og^eth re g move t)uui 

I40UOQCO» 

JPofher^ What do }rQU m£»r frqaa tfafs,! 
Charkft ? 

<ifH^§^ That the quicksitver as. laore 
than 14 times heavier than waten , 

Fs^tbtr* IwiUnowpour^^a^thequklesil- 
verjMMi fin the phial with |>ur6 ^titsc^wiiie, 
or^ as the choRii^ cal} \% yn^i^c^t^ 

£mM. U 4oQl eot WfeNtghtwo ouac^ 
now, consequently the fluid does not^w^i^ 
aa oum}e» The alodkol i% 9he% %iM^ 
than water. 

>Pather* J9^ llieae mea&S| whi^ yo^ can- 
not fail of understaakling, we have ^>btmied 
<he c$TnfarH9the nmigskn of thi^ee fluids^ 
philosophers, as I have before told you, call 
ihese Qamf9x:%^viem^h^^^ 
ties of the fluids : they have agreed also^ 
MilH^ 4tt«i iiio«a *^Kl«tir idi^ «Mi^^ 



&ey refer the comparative weights of all 
odier bodies, whether soild or fluid. 

Charles* Is there any particular reason 
why they refer water to every other sub- 
stances? 

Father • I told you a few day3 ago» that 
rain water, if v^y pure, is of the same 
weight in all parts olF the world : and, what 
18 very remarkable, a culncid foot of water 
weights exactly a thousand ounces avairdu- 
poise: on these accounts it is admirably 
adapted for a standard, because you can at 
oftce lefl ikst weight of a icubiodl foot df any 
oAer sototoce, if you knbw ks ^peci&t 
gravity* 

; Enmuh IRntk a cubical ftiot of ^utckail* 
vcr weighs 14^000 6ui«c^* 

f Patf^r. YtaarcTiglttiaiidifieadisll 
&ba heavier liian watefr, a c^icti iticfi wf 
k Witt tr«fl^ lt^t»D dances. 
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CONVEBSATION XI^ 



of the Specific GraviUes of Bodies. 

f AT HER* Before we enter upon dK 
ittethcKb of obtaming the specific gravities 
of different bodies^ it will be right to prc- 
mliie A few particulars^ whieh> it is oeces- 
iury should be well understood. 

You now understand, that the specific 
gravity of diflferent bodiesdepends upcmthe 
different quantities of matter which equad 
bulks of these bodies contain. 

Charlet* As the momenta^ of diflferent 
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Isiodies ^re estindated by ^ quaotittes of 
matter when the velocities are the same ; so 
the specific gravity of bodies is tjiil fcited 
fay d^ qftantities of matter when the bulks 
or magnitiidfes are the same. Tbis^ I beHere, 
is wlKtt you meam* 

Father. I do : if you had a piece of wood, 
asd another piece of lead, bodi exaoly equal 
ia size to a copper pejQny-piece» die formed 
wotdd be much lighter, aad the latter con^ 
siderably heavier, than the copper. 

Qiorks. And I should say that the spe- 
m&c gralvity of the wood is less^ than that of 
^ copper, but of die lead it is gresrter. 

Mmma. Is h then the iemity^S^aX con- 
stitutes the specific gravity ? 

^ Father* Undoubtedly it is : and, as we 
4)served yesterday, water is made use of as 
a medium to discover the different specific 
gnnri^s of different bodies ; and also as a 
standard to which they may be sA referred. 

Here are three pieces of different kinds 
of wood, which I will put into this vessel of 
Hater : one sinks to the bottom ; a second 
femains in any ^itdon of the water in 
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which it is fbced; ao4 ibe ihM wmw^Qti 
^ vi^9lM with mpr^ iJm^ haif of th^ mitr 
^taoMi ahovQ its fliuiface* 

CharMs* Th« $ii^ thrii. ^ heai^rllwi 
tbo lifter, the second U <^f ^ «me ippnglit 
with an equal balk of th« fluidl, Mudl the 
third ia lighter* 

i^Arr*. SiooQ Auida pse^i i» aSk ^ec- 
lilMMy « •QJK4thiit i^ iipjuqtM ia w«te««ift* 
tw$ a pi«as»re on aU itdcf^ i^tch is^lnctiMfti* 
ed in pfopov^on la the heq^ fldf ihA 4ilU 
ab^a (hf «oU<l« 

JtaMMk That acMta natwndi \m w «»« 
perioKAt would fix it halter in the ouwh 

jPdth^t* Tie %l«ithefii hag (Plate i. Big. 
8.) to the end of % ghi$a tube, aiw| patyr ia 
fAine qqicksilvetu Jpip ihe bag h^ water, 
9^4 the upward i^$fture of ihe tuid wl^ 
p^i^e the quicVsiker ip ib^ tube, the vaecnt 
9f which wiU be higher or lawer> in pn^pM* 
lion to the height of the water, above ibe 
bug* 

Smma. I now mdetiMul thai the ofqier 
p^rt of the tube beiag emp^, o», at leaat, 
^1^ ^Wd with ai¥, the upward prctsupc <rf 
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the water ^gadiiat the. bag must ^ greater 
tfum the downward presstire of tfie air : and 
that as the pressure mcreases accordiag to 
&e depth, therefore the murcury must keep 
ruung in the tube* 

What is ihc reason tfart a body heavier 
than water^ as a stone, sinks to the bottom, 
tf the pressure upward is always equal to 
diat dc^iKrnwards? 

JPtUher^ Thiia is a very proper ques^ioQ. 
The fSLOOt endeavours to descoid by the 
force of grs^ity : but it cannot deacend with- 
iMit movfDg awjiy as much of the water as 
is c<|aal to the bulk pf the stone ; dierefore 
kis resisted, or pre^^sed upwards, by a force 
eqoaL to the weight of a$ fnueh water as is 
equal in magnitude to die bulk of the stone ; 
but the weight of the ^ater is less than that 
(rf the stone, consequendy the force pressing 
against it upwards in less than its te^ency 
downwardsr aivd therefcn-e it will sink widi ' 
the dijfenencc of those two forceps. 

Tqu will now be at no loss to understand 
the reason why bodies lig^tet* than waiter 
swim: 
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\yhile pearls, that lure the sesrchtny eye, 
l)eep treasur'd in its bosom lie. 
May trifles such reeeption find, 
Flost reereiy trttisient on ifty thindf^ 
^failt vvitigjktkr tbaagjk^ admittiiM i»ltv 
Sink its whole depths, and rest wit^* 

B&owsr^ 

Charles.. The water beitig he*v4w, die 
fum^t tit>wftrds is gresttet than the mrttmil 
gravity 6f the body, mdii wiH be b«io)red 
t^ fay the dlflt^retice dftbe forceii* 

raiher, Bodiesi t>f tf^» Iti^V then, win 
^ibk hi #atel*, tttl m mtxdi of them is below 
die torfifee, that ft buHt of ifTater eqti^ to 
the bulk of the pan of Ae body which i^ 
bel0W ^ s^trface, k of a weight eqifsd td 
the wei^^t of th6 whole body. 

MmtM* WUl 5'ou eipkin this more pv^^ 
tictdariy? 

i^nifSKr. Sufypofiie the tsiody to be a |»it«ee 

of wood, part of which witt be above and 

p«rt below die itirfac^ of the Watei^: m&ia 

atttte cmcaiw t^ wie^ to be itoiketk vMn 

■^ater. 
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ChaHe9. I underslilld jrou: if tf^ #M4 
be tilk«tl out €f Ibe idT) H vlMmHjr Wffl 
be left< dtid tbe q^mtly o^ waltr tliiit M 
rsqtiimi to £11 diatvacuky will wdgh a« 
tttocti fts the whdb siibsUiiGe of tll^ irood« 

/'tf/Jtoi'. 1[W wa^ what I meatitt ti^ haiV« 

Ttere b one e^d feihftihiiig:<idu«rh«ff 
e<pial inia» oi the Water ^fld the Kvood IM 
rf the same wcight^ihe force with which tbt 
w^od endeavdors to decend, and l9ie fbl^ 
that opposet it, being equal to one aMthe?, 
aad actipg tn cofiticarjr dkecttcms, the boify 
wiU re«»t between them, so as neither to 
ftiak 1^ its own weighty nor to ascend by 
the upward pressure of the water* . 

Emma. ^V'hat is the nreantng of this |^ass 
]m with the images in it ? (Plate ni* Ftg» 
!».) < . 

J^mtherm I phiceil it on the table in elKltef- 
toJUustmteoursdsjectto-^ay* You observe 
^ that, by pressing the bladder with my hao^ 
the tltree images tiX rink. 

Efi^nuf^ Btit tot at the aama fftotoent* 

fmb€r^ The iflfttiseB sire nAade of glass 



mad about ibe sfme speciik £^«vity wtfb^e 
water euitounding diem, or pcrrhaps i^Klnsr 
Icsa than it, amd consequently ibex all Aoat 
Bear the surface . They are holUm^ with Uttle 
boles tn the feet. When the air^ wbkh lios 
between the bladder and the snrfacf of the 
water, is pres&ed by my band, tliere is a 
pressure oa the water which 19 Gonunrniiea- 
ted through itj at^d that part of it which fics 
contiguous to the feet of the in^^es will be 
forced into their bodies, by which their 
wei^t is so niuch increased as to rendber 
them heavier thmk the water, and they 4e- 
scec^* 

Charles* Why do they not 4^1 descead 
to the same depths ? 

Father* Because th^ hollow part of the 
image e is larger than the hollow part of u, 
and thatis larger than that of c; (^nsequeat* 
ly the same pressure will force more wiiter 
into £ than into d, and more into d than 
into c. 

Emtna. Why do they begin to astetid 
now you have taken your hand away I 

Father. I said the boUow parts of the 



ittages were emptyy which was boI qmte 
om-ect : Aey were, full of sHr^ which, as il 
cocdd not escape, was com]M*es8ed into a 
smaller spaci^ v%j^ tj\e wnti^t \f^ forced ift 
by the {»*essure upon the bladden But as 
soon as the pressure is removed, the ^ id 
tb images expands^ drives out the water, 
and they hecome as light as at iirst, and wiU 
therefore rise to the surface. 

Charks. The ima^Q iq rising up to the 
surface turned roiaid. 

Father. This circular motion is owing 
t)a^ hole being on one side ; and when the 
ptcssure is taken off, the water issuing out 
^kly is resisted by the water in die yes- 
*l> and the rejiction being exerted on one 
feot, turns the figure round- 



106 HYDROSTATICS. 



CONVEBSATIOX XII. 



Of the Methods of finding tlie Specific Gravity •f 
Bodies. 



EMMA* What are you goiag xo imgb. 
with these scales? 

Father. This instrumeiit (Plate zii. B^g. 
da) is jcalled the hydrostatical balance \\X 
diiersh«it little from the bahnce in commoa 
ittfk Some instruments of this kiftd are 
more complicated^ but the most simple are 
liest adapted to my purpose* 

To ithe beam two scale-pans are adjusted, 
and may be taken off at pleasure. T^ere is 
also another pan a^ of equiU weight with 
one of the odiersf fumislied with shorter 
•n-bgs and a small hook, so that any body 
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m^^ be hung to it, and then imiP'^r ^^''in 
the vessel of water «• 

Charles* It is by means of this instru* 
mt-nt that you find the specific gravity of 
different bodies ^ 

Father. It is : I will first give you the 
rule, and then illustrate it by experiments* 
The rule should be committed to mesnoiy* 

*•* Weigh the body first in air ; that is, in 
the eommon method : then weigh it in wa« 
ter; observe how auich weight it^lo^es by 
being weighed in water, and by dividing 
the former weight by the loss- sustained^ the 
nesult is its specific gravi^^ compared with 
th^t of the water." 

! \ will give you an C3rample.-«>fifere is a 
new guinea : it weighs in the air 129 grains: 
I suspend it by a fine thread of horse-hair 
to the hook atthe bottom of the pan a^ and 
you that by being inomerscd in watfer it 
weighs only 12l| grains.- 

Emma* Then m-die wata: it has bst of 
its weight 7\ grains* 

Father. Divide 1^9 by 7^ or, Jby taming 
the \ into decimals, by l.'SLS. 
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before, it drives over a quantity of the fluidl 
equal in weight to itself. Put in two pennjr— 
pieces, and you perceive the box sinks deepar 
into the waten 

Charles/ And they drive more water- 
over : as much, I suppose^ as is equal iix 
weight to the dopper coin. 
' Father^ Right: how long could you go 
on loading the box ? 

Charles. Till the weight of the copper 
and box, taken together, is something grea- 
ter than the weight of as much water as is 
equal in bulk to the box. 

-Father. You understand, then, the rea- 
son why boatSy barges, and other vessels, 
swim on water ; and to what extent you may 
load them with safety. 

Emma. They will swim so long as the 
weigiit of the vessel and its lading together, 
is less than that of a quantity of water, equal 
in bulk to the vessel. 

Father. Can you, Charles, devise any 
method to make iron or lead swim, whick 
n much heavier than wat^r ? 
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Charles* I think I can* If dbe metM be 
beat out very thin, and the edges turned up, 
I can easily conceiye that a box or a boat of 
it may be made to swim. Of this kind is 
the copper ball which, is contrived to turn 
>off the water when the cistern is full* 

Emmq^ I have often wondered bow. that 
acts. 

Father* Jf upon reflection you could not 
satisfy yourself about the mode of its actinj^ 
you should have asked ; it is be^er to get 
information from another than, to Remain 
ignorant. 

The ball, though made of copper, ivhich 
is eight or nine times heavier than water, is 
beat out so thin, that its bulk is mjoc^ lighter 
than an equal bulk of water. By means of 
a handle it is fas^ned to the cock) through 
which the water flows, and as i.t . sinks or 
rises^ it opens or shuts the cock. 

If the cistern is empty, the ball hangs 
down, and the cock is open, to admit the 
water freely : as the water rises in the cis- 
tern it reaches the ball, which, being lighter 
than the water, rises with it, and, by risings 



119 HYDROSTATICS. 

gratdiM^ shuto the eock, and, if it be pni^ 
perfy placed^ it is contrived to shut the cock 
JQst St the moment that the cistern is fuH. 

In die same way that diese balls kre mad^^ 
boats of iron are now constructed at die 
ircm-workff in Shropeifaire i they will last 
longed than wood, and cause Uss MtSoi in 
passing through the water. 

Can you, Emma, find the sfiecitic gravity 
of dus piece of iShrer ^ 

JSmmd* It weighs in air 318 ff^SsA : I 
now fiisteii it to the hook with the horse- 
1ian> and it weighs in water d88 graiBS, 
^ich^ isAm from^ld^ leave 30, the weight 
it lost in water. By dividing M8 by 30^ 
die quotient is about lOjp consequendy die 
specific gravity of the ^Iver is tefn and a 
lutf times greyer dian diat of water. 

Father* What is die iqpeicifia gravity of 
thb piece of ffint-glass i It weighs 12 petf- 
nyweights in air. 

Charka. And in water \i weighs atSf It, 
and consequently loses 4 by immerston; 
and 12 divided by 4^ gives 3, therefore die 
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tpedfic gravis of flmt-glass is 3 time«.grea* 
ter tham that of water. 

Father. This is not the case wiA all 
iint-g^ass ; it varies from 2 to almost 4* 

Het« is an ounce of quicksilver ; let me 
knoirits specific gravity t^ the method now 
I»opo8ed« 

£mma0 How will you manage that i you 
canoot ba^g it upon the balance* 

Father. But you may suspend this glass 
bucket (Plate iii. Fig. 91.) on the hook at 
the bottom <rf A ; immerse it in the watery 
and then balance it exactly with weights in 
the opposite scale. 

I will now put into the bucket the ounce, 
or 480 grains of quicksilver, and see how 
much it loses in water. 

ChaHeSm It weighs 445 grains, and con- 
sequently it lost 35 grains by immersion ; 
and 480 divided by Z5 give almost 14, so 
that mercury is almost 14 times heavier 
dian water. 

Father. In the same manner we obtain 
the specific gravity of all bodies that consist 
of small fragments* They must be put iri- 
k2 
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to ^ g^A98 bucket and weighed; and tiM{a 
if fipom the weight of. the bucket and body 
in the iuid) yoa subtract Ae weig^ of the 
bucket, there remttna the wieigbt of the botfy 
in the flind* 

£mmtu Why do yoQ make use ctf horse* 
hair to suspend the substances with I woaI4 
not silk or thread do as well I 

Father^ Horse-hair is by much the bes^ 
for it is very nearly of the same specifio 
gravity of water ; and its substance is ci 
such a nature as not to imbbe moisture. 
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Of the methods of finding th^ Specific Grarity of 
Bodies. 



CHARLSS. t have endeavom-cd to find 
out the specific gmvity of ^is piece of 
beech^woodj but, as it will- not sink in the 
water, I know not honiK to do it. 

Father. It is true, that we have hitherto 
only given rul^s for the finding of the 
specific gravity of bodies that are hea^der 
than water; i little consideration, how- 
ever, will show you how to obtain the spe- 
cific gravity of the beech. Can you con* 
iAft means to sink Ac beech in tlie wa- 
ter? 
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Ckarks. Yes ; if I join a piece of lea* 
or other metal, to the wood, it will sink. 

Father. The beech weij^s 660 grains ; 
I will annex to it aoi ounce, or 480 grains 
of tin, which in water loses of its weiglrt 
51 grains. lo air the weight of the wood 
and metal taken together is 1140 grains: 
but in water they weigh but 138 grains; 
138 taken from 1140 leave 1002, the dif- 
ference between the Weights in air and in 
water. 

Charks. I now see the mode of find- 
ing what I want. The whole mass loses 
1002 grains by immersion, and the tin by 
itself lost in i^ratcr 51 grains ; therefore the 
wood lost 95 1 grains of its weiaht by im- 
mersion: and 660 grains, the weight of 
the beech in air, divided by 951, which 
it may be said to lose by immersion, leaves 
in decimals for a quotient 694. 

Father. Then makmg water the stand- 
ard equal to 1, the beech is 694, or nearly 
T^ths of 1 : that is, a cubic foot of water 
is to a cubic foot of beech as 1000 to 694^ 
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liar ikt one weighs lOOO ounces, and the 
otter 694 ounces. 

Mmmcu It jseems odd how a piece of 
wood thu^ w^ghs €tboQt 660 grains in air, 
ahonld krse of ks weight 95 1 grains. 

J^cHher* ¥ou musty m this pase, conai* 
der the weight necessary to make it sibk 
in water, which must be added to the weight 
of die wood. 

• ' I win ^ow endeavour to make the suliject 
easier by a different method. 

TMs small piece of elm a, I wiH place 

between the tongs (Plate iii. Fig. 22*) 

that are nicely balanced on the beam, (Fig. 

2a) The elm weighs 36 gntins. To de- 

tsdn it under water, I must hang ^ gnuns 

to the end of the lever on which the tongs 

ajre fixed ; thai, by the Rule of Three, I 

say, as the specific gravity of the elm is to 

the specific gravity of water, so is 36, the 

wei^^t of ther elmf. to 60, the weight of 

the elm and the additional weight required 

to sink it ia wat;eri or as 60 : 36 : : 9. G. 

W.&G.E* 
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Emma. You have not obtained tlie 
specific gravity of the elm, but a proportion 
only. 

Charles. But three terms are given, be^- 

cause the water is always considered as 

unity or 1, therefore the specific gravity 

of the elm is 

36X1 
—.6. 

60 

Emma. I do not yet comprehend the 
reason of the proportion assumed. 

Father. It is very simple. The elm is 
lighter than the water, but by hanging 
weights to the side of the balance, to 
which it is attached in order to detain it 
just under water, I make the whole exactly 
equal to the specific gravity of the water ; 
by this means it is evident, that the compa« 
rative gravity of the elm is to that of the 
water as 36 to 60. 

Try this piece of cork in the same man- 
ner. 

Emma* It weighs \ an ounce, or 240 - 
'■ and to detain the cork aad 
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^ODgs just under water, I am obliged to 
hang 2 ounces, or 960 grains^ of lead on 
the lever : therefore the specific gravity of 
Ae coric is to that of the water as 240 is to 
1200; and 240 divkkd by 1200 gives the 
decimal. A 

Father. Then the specific gravity of 
water is 5 times greater than that of cork* 

Charles. ' We have accordingly obuined 
the speeifie gravities of water, beech, elnx, 
and cork, which are as 1, .7 neariy ,6 
and .2. 

Father. Tou now understand the me- 
thods of obtaining the specific gravity of 
an solids, whether lighter or heavier than 
water. In mak4n^ experiments upon light 
and porous woods^ the operations must be 
performed as quickly as possible, to prevent 
Ae water from getting into the pores. 

Charles. , And you have likewise, sho)Vn 
us a method of getting Ae specific gravity 
of fluids^ by weighing certaii|>quantities of 
each. 

Father* , X hf ve still a bettiar method : 
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the rule I viH give ia words : jrou flAUiQ 

illustnue it by examples. 

" If the same bodjr be wei^d ia differ- 
ent Suidsy the specific gravity of the fluids 
will be as th« weights lost.** 

-Emma. The body made use ^tttust be 
heavier than the fluids. 

Father. Certainly ; this f^f^ h^XL Joses 
of its weight, by immersion in v(^r» e03 
grains ; in milk it loses 83} graii^s ; there- 
fore the specific grjavity of the water is t<^ 
that of milk as 803 to 831.^ Now a cubi- 
cal foot of water weidfe }000 ounces : 
what will be the weigh^.^f the san^ quaa^ 
tity of milk ? . 

£mn^i. As 803 : 8S1 : : iOOO : 
J000x8?l 

" ■ =1035 ounces nearly. ^ 

803 
Father* Do you, Charles,, tell ipe ivhat 
is the specific gravity of some spirits of wine 
which I have in this phliaL 

Ckarks. 'The glass loses in water p03 

grains, in the spirit of wine it loses 699 

•rfore die specifit gravity of wa- 
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ter b to the spirit ^ fOS is to 699 : and to 
fiixd the weight of a cubical fool of the s^ir 
lit, I say, as 

1000x699 



B70 ouii|ce3/» 

JFath^n Ym ^ay mw dp4uce tb« ^ije- 
t^KMl ^f comparing t^ ^eci£^ giravities of 
s<^id3 ofl^ with sM^ptber wjthput n^tki^g a 
cpmiQAji ftaiv|ard. 

Qo^ is an Qvuicf of lead and aootber of 
tin : I may weigh them in any fluid what- 
ever : in water the lead loses by immer- 
si(A 42 grains, and the tin 63 grains* 

Emma* Is the specific gravity of the Iea4 
to that of the tin as 42 to 63 ? 

Father* No : ^ the specific gravities of 
^ bodies are to one another inversely as the 
^lossea of weight sustsdned:" dierefore 
the specific gravity of the lead is to that 
of the tin as 63 to 42 ; or if a block of 
lead Weighs 63 pounds, the same sized 
block of tin wiU w<^igh 42 pounds <^y« 

Vol- M. I- 
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Charles* I diink I see the reason of 
this : the heavier the body, the less it 
loses of its weight by immersion ; therelbret 
of two bo(Ue8 whose absolute weights are 
the same, that is, each weighmg an ounce, 
pound, &c« the one which loses least of its 
weight will be the most specifically heavy. 

Father* You are right ; for the specific 
gravity of bodies is as their density, and their 
densities are inversely as the weights they 
lose by immersion ; that b, the hody that 
is most dense will lose the least in water. 
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CONVERSATION XIY. 



Of rt» M^UmmU of^bti^iing tb^ Specific Gravity o£ 
Bodies. 



FATHER. As I have shown you the 
methods of finding the specific gravity of 
almost all kinds of bodies, it will be pro- 
per in diis, and one or two lessons^ to show 
you the practical utility of this part of 
science. 

iimma. To whom a-e we indebted for 
the discovery of the mode of performing 
these operations ? 

Father. To that most celebrated mathe- 
natician of antiquity, Archimedes. 

Charles. Was he not slsdn by a commoh 
soldier at the siege of S3rracuse \ 
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Father* He was, to the great grief of 
Marcellus, the Roman commander, who 
had ordered that his house and person 
should be respected : but the philosophet 
was too deeply engaged in solving some 
geometrical inquiries to think of seekmg 
that protection which even the enemy in- 
tended for him. 

Etnnta^ Had he at that thh« so higfb k 
reputation as to induce the general of a be- 
sieging army to give particular orders for 
his preservation I 

Father* His celebrity was so great 
among the literati of Rome, that his tra- 
gical end caused more real sorrow than 
the capture of the whole island of Sicily 
did joy. 

We are informed by history, that it was 
by the wisdom of Archimedes that the fate 
of Syracuse was long suspended: by his 
invt^ntions nmltitudes of the Sorpan sGhny 
were killedy and their shipsl destroyed: and 
it is added that he made us^ of btufning 
^hich} at the distance of sbme 



tmRo^i 
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faondreda of yards, set the l^man vessels 
on fire. 

Charles* I wcmder then that he was not 
defended by his fellow citizens. 

Father* Alas ! my child, I am sorry to 
say, that in other countriesy as well as Si« 
cilyy tiiere have been instances in which 
^lersons, who have benefited their country 
as much as Archimedes, have expmenced 
no more gratitude than he did* 

It is a fortunate circumstance when the 
effcNTts of philosophy wre directed, under 
Mt judgment, to the defence of one's 
country* The Romans had no more right 
to plunder Sicily than the highwayman has 
to rifie your pockets or mine. In the eye 
of reason and justice, offensive war is the 
most deliberate smd cruel system of robbery 
and murder. 

But to return to our subject. To Archi- 
medes the world is indebted for the disco- 
very, " That every body heavier than its 
^ bulk of water, loses so much of its 
** weight, by being suspended in water, as 
I,'2 
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s equal to the weight of a qiM|iiti^«il 

rater equal to its bulk." 

Emma. How* did he make die dkco- 

y? 

f^athen Hiero, king of Syracuse, had 
en to a jeweller a certain quantity cl 
e gold, to make a crown for him. The 
narch) when he saw the crown, suspected 
artist of having kept back part 6f the 
d. 

Smwflt, "^^y did he not weigh it ? 
^"athen He did ; and found the weight 
\t : but he suspected, perhaps from the 
)ur of the crown, that some baser metal 
I been mixed with the gold, and therc^ 
: though he had his weight, yet only a 
t of it was gold, the rest was silver or 
per* He applied to Archimedes to in- 
tigate the fraud. 

'harks* 0id he melt the crown, and 
eavour to separate the metals ? 
^ather* That would not have answered 
ro's intentions: his object was to de* 
?ry, if mv$ without destmying 
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ter HfttrMumfil^^ While ^ philosopher 
was^ mteiit upon ^ pmblem, he went, ac- 
cotfdiilg to hb custom^ into the bath, anj^ 
he observed' thkt a quantity of water flow- 
ed ovetl| which he thought must be equal 
to die bulk of his own bodf. He instantly 
8ttw the solution of Hiero's problem. In 
i^ptures at the discovery, he is said to have 
leaped from the water,and run naked through 
the streets of the city, shouting aloud Mvfuicxl 
Evpvme! «<l haye found it out ! I have found 
itoutr 

When the excess of his joy was abated, 
he got twtr masses, one of gold; and the 
other of afflver; each equal in weight to the 
drown, and having filled a vessel very ac- 
curately with water, into which he first 
dipped the silver mass and observed the 
quantity of water that flowed over : he 
then did the same with the gold, and found 
that a less quantity of water had flowed 
over than before. 

Charles* And was he, from these trials* 
led to conclude that the bulk of the silver 
was greater than that of the gold^ 

I 
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Father* He was. And also thai the^ 
bulk of water displaced was, in each expe- 
riment, equal to the bulk of the metaL 
He then made the same trial with the 
crown, and found, that though of the same 
weight with the masses of silver and gold^ 
yet it displaced more, water than the gold^ 
and less than the silver* 

Emma* Accordingly he concluded^ I 
imagine, that it was neither pure gold, nor 
pure silver. 

Charks* But how could he discover the 
proportions of each metal ? 

Father* 1 believe we have no other facts 
to carry us farther into the historj' of tiiis 
interesting experiment* But to-morrow I 
will endeavour to explain and illustrate the 
matter. 
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CONVERSATION XV. 



Of tfar fifotlioditor obtoiniHir fte Specific ^favitf ef 

Bodies; 



EMMJL Ydu arc to describe, to-day, 
4* method of detecting the proportion of 
tateh mttA if ttro are miked together in 
oiic ntass* 

Fttther. Suppoie Itak^ in change a gui- 
nea, which 1 suspect to be bad : upon trj- 
ingit I fiad it Weighs 129 graihs^ Which is 
^ standard l^eigfat of a guinea. I thefi 
weigh it in water, and it l<K5e& of its vTeighl 
^ grains, by which I divide the 129, and 
^ qtioticint is 15.6, the specific gravity of 
Ae guinea* But you know the specific gra- 
vity of the gold, in Tower-made gumeas, ip 
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more than IT9 and therefore I eondade the 
guinea is base metal, a mixture of silver, or 
copper, with standard ^Id. 

Qiarles* But how will you get the |»o* 
portions ot the two metals ? 

Father* Suppose^ for example, that the 
mass be a compound of silver and gidd.— 
^ Compute what the loss of a mass of stan- 
^* dard gold would be ; and likewise the loss 
^^ which' a mass of silver equal in weight to 
^ the guinea would sustain. Subtract the 
^< loss of the gold from that of the compound^ 
^^ the remainder is the ratio or proportion 
" (not the quantity) of the silver : then sub- 
** tract the loss of the compound from that 
" of the silver, the remainder is the pro- 
•* portion of the gold." I will propose you 
an example. 

What are the proportions of silver and 
gold in a guinea weighing 129 grains^ wbote 
specific gravity is found to foe cmly 13J09i 
supposing the loss of standard gold 7*25, 
and that of a piece of silver, equal in weight 
to a guinea, 12.45, and the loss of the ccmr 
-1 9.85 ? 
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- Charles. I first subtrsict the loss of stand- 
ard gold T*^5 from the loss of the compound 
9.85, die remainder is 2,6 : I now take the 
loss of die compound 9.85, from that sus- 
tained by the silver 12.459 and the remain- 
der is also 2.6. 

Father*' Theh the proportions of silver 
and ^d ^ equal to one another, conse- 
quently the false guinea is half standard 
gold and half silver. 

Here is another counterfeit guinea, which 
is fill! weighty but I know it is composed of 
Standard gold, adulterated with copper, and 
its loss in water is, as you see, 8.64 : now 
tell me the proportions of the two metals; 
but you should be informed that a piece 
of copper of the weight of a guinea would 
bse in water 14.64» grains. 

Emma* I deduct 7.25, the loss of a 
guinea standard gold, from 8.64, the re- 
mainder \^ 1*39 : I now take the loss of the 
compound 8.64 from 14.65, the loss sus- 
tained by a piece of copper equal in weight 
to a guinea^ and the remainder is 6*01 . Is 
not the proporticm of copper to gold as 1.39 
to 6.01 7 
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Father. You are quite rie^t^ SToir, b|if j 
the role of three, tdl me th^ qumti^ ofe 
eachmeuL 

Mmnuh To find the w^ifjbx of ih$ oofiit'i 
p^, I ^dd 6X)1, ipd h^9 togeUier, whitk 
are the proportional weights of the two mim^ 
tais. Aq4 aaf, as 7.40, ^ ^uvi* M lo l«39 
Uie proportional weight, of co^i^, 00 10 tJM 
weight of the guiiD^a, 129 gnMPs, to dii» ra^ 
weight of copper contsuned 10 the ^p^ftejr&i^ 
guinea: but 

1.39 X 129 

■ «24.1, tjierefore tbepre i$ a 

7.40 
litde more tha;i 24 gnuns of copper in t)ie 
compound. 

Father. Tou have found then that there 
are 24 grains of copper in this counterfeit 
guinea. How will you find dt^e weight of 
tile gold ? 

Emma. Very easily : for if the compos!* 
tion be eopper and gold, and there ;u*e 
fiDund to be 24 grains of copper, there must 
be 105 of gold. 

Charles. I have a question to pfx^)Ose. 
^ vice you td» a bad gui«ca ^ have 



beard yoa say &at you oisirer attetn]^ to 
pass bad money upon othersX l^ow should 
yoa be i^ble to ascertatn die value it woutd 
fistdi at At goldsmith's ? 

Father. It is eettdnly very wrong kaow- 
iogly to pas^ bad moQey opw the public : 
DO man has a rigkt to commit an iigury be- 
cause be has received one ; if, therefore^ I 
bave tai^^Q cot^it^rfeit n^oney^ 1 ought.to 
abide by the lo^s, rather than run the 
risk of injuring my neighbour : besides, in 
die course pf <;ir<;:i^^}Qi^, a bad (uinea^ oit a 
seveu-shiUinjg piece^ or even ^ins of much 
less v:^e, xo^ fall into die hands qi a poor 
^nd indus^ious hxaAy-i which thqr perhaps 
l^d by to answer the isftraprd^nary ^m9P4» 
of sickijiess ; and at ^% period ^ 4i3tress9 
not being able tq say from whopa, they re- 
ceived the counterfeit coi^t t^y nn^^y possi- 
bly be reduced to ^erious aind pitiable d^ffi* 
culdes : and therefore it i^ better for me tp 
put up with the I03S than r^n the h^i^ard pf 
ariurin^ the ppon 

rfow to answer your qt^es^on* A gi^c 
oi copper, of equal weight with a gumear 
VOL. »• . M 
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loses of its weight io water 14.65 gradia, ' 
7.4 more than is lost by a standard guinea- 
Hie vahie of a standard giunea is 252 pence^ 
divide therefore 252 by 7.4 and you get 34, 
the number of pence that is deducted, from 
the value of a guinea, for ever}' grain it loses 
more than it would lose if it were sterling 
gold. 

Emma. In the guinea that lost 8*64 how 
much must be deducted from the real value 
of a guinea standard gold ? 

Charles* I can tell thati subtract 7.^5 from 
8.64 the remainder is 1.39, and this multipli- 
ed by 34 pence gives 47.26 pence, or very 
nearly 4 shillings^ consequently that guinea 
is worth only 17 shillings. 

Father. Suppose the compound were 
silver and gold, how would you proceed in 
making an estimate of its value ? 

Charles. A piece of silver of the weight 
of a guinea would lose 12.45 grains, from 
whicfi I deduct 7.25, and with the remain- 
dcr 5.2 I divide the value of a guinea, or 
252 pence, and the quotient is 48.4 pence, 
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or rather DCipre than 4 shiQings is to be dc* 
^cted from the vsdue of a guinea adultei^ 
ted with silver, for every grain it loses by 
iQimersion more than standard gold. 

Mmma* How is thsu;. Papain Silver is 
much dearer than copper, and yet you allow 
4 shilUngs a grain when the gumea b alloy- 
ed with silver^ and but 2s. lOd. when the 
mixture is made with copper 7 

Father* Because^ the specific gravity of 
silver is much nearer to that of gold, than 
that of copper^ consequently if equal quan- 
tities of silver and copper were mixed with 
gold, the silver would cause a much less 
loss by immersion in water than the cop- 
per. 

As it seldom happens that the adultera- 
tion of metal in guineas is made with all 
copper, or with all silver, but generally with 
a mixture of both, three shillings is upon 
the average allowed for every grain that the 
base metal loses by immersion in water tnore 
than sterling gold. 
Emma* There is a silver cream jug in the 
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paErknir; I have heard MalAiiiil day^ ^ 
(fid not thntk it was real sihrer; how eotAl 
At £tul out whether «he has beeb iinik>^ 
on? 

F&^f. 4ao and felcll ib l¥e tm 
Weigh it* 

JEmrha. It weighs i^ 6\Xtcts^ Mt i 
#teigh it ifi watai*, ahd it has lost in the 
ter, 10} dwts ; and dividinj^ S\ OUQCb^ 
ilO p^tid^^-Weight^ by ml, I get foTaha#i| 
l<ky, the ipecffic grtivity of die Jugs * 

t'atA&K Then th^fe i§ nd ciluse fo^ col 
J>laitit, fof the s^fecifie gravity of go< 
bought silver is seldom more than diis ' 

7YiM€ of Specific GravMet, 
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CONVERSATION XVI. 



Of the Hydrometer. 

FATHER. Before I describe the con- 
struction and uses of the hydrometer^ I 
will show you an experiment or two which 
will afford you entertainment, after the dry 
calculations in some of our former Conver- 
sations. 

Charles. The arithmetical operations 
are rather tedious to be sure, but they serve 
to bring to mind what we have already 
leamt, and at the same time show to what 
uses arithmetic may be applied* 

J^ather. You know that wine is specifi- 

" '«fi;htcr than water, and the lighter 



^iidy wiU al vay^ h^ MW>crmpf t ; «pc|n tli^e 
piwciples, I will e^bit two o^ tbree ex- 
perio^ents. I have filled the bulb 3 (Plate 
i^. Fig, 2§.) wiA ^he port wine to the 
top of the narrow ^em x* I qow W> A with 
water. 

Emma. The wine is gradually aapcnding 
like a fi^e red thread through the water to 
its surface* 

Father. And so it will continue till the 
water and wine have changed places* 

Charles. I wonder the two llqi^ids do not 
mix, as wine and water do in a coqumon 
drmking glass. 

Father. It is the narrowness of the st^m 
X which prevents the admixture : jn time, 
however, this would be effected, t^ecause 
water and wiQe have what the chemists call 
an attraction for e^ch other. 

Here is a small bottle 9 (Plate lyi. F}g. 
34.) with 2^ i^eek three ipqhe^ teftg, and 
f^lxM^t o^.^i^t^ of an in^h w^e ; it }$ iliiU 
of red wine. I will pow f^^ it ^t she 
^wt^W pf la j^ ftf ^aV?& a ^ ipches 
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deeper thati the botde is high. Ilie wine 
you observe is ascending diroogh Ae irat^- 
JSmmcu This is a very pretty experi- 
ment: the wine rises in a small (x^Iumn 
to the surface of the water, spreading it- 
self over it like a cloud. 
* Father. Now reverse the experiment : 
fill the bottle with water, and plunge its 
neck quickly into a glass of wine ^ t^c 
wine is taking place of the water. 

Charles. CJould you decanter a bottle of 
wine in this way without turning it up ? 

Father. I could if the neck of the de- 
canter were sufficiently small. The negroes 
in the West-Indies are said to be well ac- 
quainted with this part pf hydrostadca, 
and that they plunder their masters of rum 
by filling a common bottle with water and 
plunging the neck of it into the bung-hole 
of the hogshead. 

Emma. Poor creatures, they ought to 
•' have something to console them for the mi- 
'f^ries they endure. 
^>^'^' Father. Indeed the cruelties that are 
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Hi gdnersd Exercised upon the islaves^ veiy 
m|u;h exteftuate the crime of pilfering of 
which they are said to be guilty. 

Upoti the principle of lighted' flubte k^p« 
ing the Uppermost pftrts of a ve^ibi, ikeVer^ 
ral fiaidtf may be jdacedt^os one ai^oth^^ 
m die sxlm resielwithcmt mifiifKg:f ih\ts 
in a long iipnghl ja^^ thtte b^ Ibih* t^ktbd^ 
in dbubl^n i ^ P^c^ ^^ter &rkt^ i^en 
port wkie^ tfieU (dil, bratod/, pil 6f til^pttl- 
^e^ ftbd dkohdl. 

dhdrldB. H6\«^ WouM you pour tBerii 
iil dne Upbtl ktiother without mixing ? 

FatheK I'his will require a little dex» 
tcSritf : wh^n the li^atet* is in, I lay a piece 
of very thin pasteboard over its surf^ce^ 
and tfien pouf in the wine ; after which 1 
take away the pasteboard, and proceed in 
Ae same thahh^r with the rest. I'ake ^ 
commoti goblet 6r di^ihking gtass^ pour 
#ater ihy and then Uf ^ thiti piece of toast- 
ed btead opon the ^ater^ and you may 
pour your wine upon the bread and the tw^o 
fluids ^ill itmiain fot^ some time Separate. 
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Emma* Is die toast placed merely t^ 
receive the shock of the wine wfacD poured 
Ib? 

Fctther. That is the reason. Xow I 
will proceed to explwi the piiociple of the 
hydrometer <i an instrument contrived to as* 
certain with accuracy and expeditioii the 
specific gravides of different fliuds* 

A B (Plate III. Fig. 25.) i^ a hollow cy* 
Undrical tube of glass, ivory, co|^r^. &c« 
ifive or six inches long, annexed to a hoUotr 
sphere of copper d : to the bottom of this 
is united a smaller sphere £, containing a 
Utde quicksilver, or a few leaden shot suf* 
ficient to poise the machine, and naake it 
sink vertically in the fluid. 

Charks. What are the marks on the 
tube? 

lather. They are degrees exhibiting the 
magnitudes of the part below the surface, 
consequently the specific gravity of the 
fluid in which it descends. If the hydro- 
meter,' when placed in water, sink to the 
figure 10, and in spirit of wine to 11.1, 
h en the specific gravity of the water is 
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to that of the spirit, as ll.l to 10 : for if 
the same body float upon different flutdsi 
the apecifie gravity of these fluids will be 
to each other inversely as the parts of the 
body immersed* ...— -^^-^».— 

£mma. By inversely^ do you mean 
that the fluid in which the hydrometer 
sinks the deepest is of the least, specific 
gravity? 

Father. Yes, I do: here is a piece of 
dry oak, which if I put into spkits of 
wine is entirely immersed ; in water the 
greatest part of it sinks below the surface; 
but in mercury it scarcely sinks at alU 
Hence it is evident that the hydrometer 
will sink deepest m the fluid that is <of the 
least specific gravity. 

To render this instrument of more ser- 
me, a small stem is fixed at the end of 
* the tube, upon which weights like that' at 
^ may be placed. Suppose then the weight 
of the^instrument is 10 dwts., an<J by be- 
ing placed in any kind of spirit it sinks to 
a eerts^n point l, it will require an addi- 
tional weight, suppose 1.6 dwt. to cause it to 
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is « certain chemical ludon or penetratic^i 
- between tbe particles of the two flmds^ so 
that they will not make a quart. This sub- 
ject we shall resume in our chemical coa- 
versauons** 



* Sep Sialogaes in (Jbmat^, Vol. I. p. 45. 
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CONVERSATION XVH. 



Oftfiefljpdr^A)«ticr, and Swkfio^g* 

CHARLES. To what purposes is the 
hydrometer applied? 

, Father* It is used in breweries and dis- 
tilleries to ascertain the strength of their 
diflferent liquors : ^d by this instrument the 
excise officers gauge the spirit, and thereby 
determine the duties to be paid to the re- 
venue, 

I think from the time we have spent in 
considering the Specific gravity of different 
bodies, you will be at no loss to account for 
a VMiety of circumstances that will present 
themselves to vour attention in the common 
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concetns of life. Can you, Etnma, nrphin 
the theory of floating vessels? 

Emma. ASl bodies whatever that float 
on ^e surfii^ of die wmter dbplace at mudi 
flmd as is equal in weight to the weight o£ 
the bodies : therefore, in order diaet « veasd 
may keep above water> it is only neceasaiy 
to take care that the vessel and its cargo, 
passengers, &c* should be of less weight 
than the weight <^aqiiiMitily(tf water equal in 
bulk to that part of the vessel which it will 
be safe to immerge in the water* 

Father* Salt water, that is, die water in 
the sea is specifically heavier than fresh or 
river water. 

Charles* Then die vessel will not wik 
so deep at sea as It does in the Thames* 

Father. That is true ; if a ship is laden 
at Sunderland, or any othor sea-port, with 
as much coals or com as it can carry, it 
will come v<ry safely tiU it reaches die fresh 
water in the Tbames, and there it will infal- 
libly go to the bottom unless some of the 
cargo be taken out. 
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Entffuu Bow modi Heavier is sea Water 
than the fresh ? 

Ftther. About one thirtieth party which 
woold be a guide to tiie master of a vesseU 
who was bent upon freighting It aa deeply 
aspossilde. 

Otaries. In bathing;, I have o£^n tried 
to swim, but have not yet been able to ac- 
complish the task; i^ n^y body speci^cally 
heavier than the water ? 

Father* I hope you will l^um to swim, 
and well too ; it may be the means of saving 
your own Ufe, and rescuing others who are 
in danger of drowning : 



*Iife is oft preserved 



By the bold swimmer in the swift Ulapse 
Of accident disastrous. 

Taoxsoir. 

By some very accurate experiments made 
by Mr* Robertson, the late librarian of the 
Boyal Society, upon ten different persons, 
m2 
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* 

the mean specific gravity of the human bo(l>^ 
was ibund to be about ^th less than that of 
cpmmon river water. 

Charier Why then do X sink to the bot- 
tom? fought to ^wim like wood on the 
surface. 

Father. Though yoil are specifically 
fighter thim water, yet it will ^require some 
skill to throw yourself into such a position 
as to cause you to float like wood. 

Charles. What is that position ? 

Father. Dr. Frariklin recommends a 
person to throw himself in a slanting posi-> 
tion on Ms back, but hiis whole body, ex- 
cept the face, should, be kept under water.^ 
And Thomson describes a youth swinuning^ 
who 



-through the obedtept wave. 



At each short breathing by his lip repeUM^ 
With arms and legs according well* he makes. 
As humour leads, an easy winding path. 

SVMMilS. 
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Vmkilfai persons in the act of attempting 
this are apt to plunge about and struggle : by 
tlu8 mews they take water in at their 
mouths and nostrils^ which of itself would 
soon reikler them as heavy or heavier thaa 
the water* Moreover the coldness of the 
stream tends to contract the body; perhaps 
(ear has the same tendency; all these things 
put together will easily account for a person 
siokinfi: in the water. 

Emma. But if a dog or cat be thrown 
into the pond they seem as terrified as 
I should be in a like situation, yet they 
never fail of making then- way out by 
swimming. 

Father. Of all land animals, man is, 
probably, the most helpless in this element. 
The brute creadon swim naturally, the 
human race must acquire the art by prac- 
tice. In other animals the trunk of the 
body is large, and their extremities small : 
I in man it is the reverse, the arms aiid legs 
ait small in proportioi^ to the bulk of the 
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bodf , but die specific gnvity of the exttne^ 
nutiea is greater than lliat of die trunky 
cmiseqaeiidy it will be more diflicult tarn 
man to keep above water dian for fooT'- 
footed animals : besides, die act ci swim- 
ming seems more natural to them than 
to us, as it corresponds more nearly to 
dieir mode of walking and running than tor 
ours. 

Chark$* I will try die next time I bathe 
to throw myself on my back according to 
Dr. Franklin's directions. 

Father. Do not forget to make your ex- 
peximents in water that is not so deep as 
you are high by at least a footf unless you 
have^an experienced person with you: be- 
cause an unsuccessful experiment in dib 
dement, where it b but a Htde out of your 
depths may be die last you will make. And 
neither your sister nor I can spare you 
yet. I 

Charles. I once jumjied into a part of 
die New IKver, which I diought did not ap* j 
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fnt deeper than jou say, and I found it 
waa over my head, but there were several 
pervons there who soon putine iik shallower 
water* 

Father* It is not sp generally Imowa ^ 
It oci£^ to be, that the depth of a dear 
stream of in^ter is always one-fporth part 
^;reater than it appears to be** 

Ciarki. If the river appear to be Oioly 
diree feet deep, niay I reckon upon its bein^ 
fall four feet ? 

FnaAer* Toamiistestiamteitinthismw* 
ner* Bemember siko that if a person sink 
skndy in water ever so deep, a small effort 
will bring him up again, iand if he be. then 
able to throw himself on his back^ keeping 
only his face above ws^er, all will be well ;f 



* The rason of this deception is explained in our 
Con?etiation8 on Optics. See Vol. n. Conversation 
IV. ' 

t It has been asserted lately* in some of our best peri- 
odical works, that if a person falling in the water, hr- 
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but if instead of diis he is alarmed^ andlyy 
struggling throw himsdf so high above 
the water that his body does not displace 
so much of it as is equal to its w^ight^ 
he will sink widi an accelerated modon : 
a still stronger effort, which the sense of dan*- 
ger will inspire, may bring him up again, 
but in two or three efforts of this kind his 
strttigth fiulS| and he sinks to nse no naore 
alive. 

Emma* Is it ^e upward pressure 
which brings up a person that is at a consi- 
derable depth in the water ? 

Father* It is : this upward pressure 
balatices the weight of water which he 
sustains, or he would be crushed to pieces 
by it. 



presence of mind to lean his head a little baekwai^ 
and never lift hia hands above the watery he cannot 
shik. 
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CSork an empty bottle ever so weB, and with 
relets plunge it down a hundred yards in- 
Ito the 9ea, and the pressure of the water 
-w]]I force the cork into die botUe^ 
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CONYEBSATKHI XVIIL 



Of the Sjrphpn^ 

FATHER. This bended tube (Plate 
III. Fig. 26.) 18 called a Syphon, and it is 
used to draw off water, wine^ or odier fluids, 
from vesseb which it would be inconveni* 
ent to move from the place in which they 
stand. 

Charles. I do not see how it can draw 
liquor out of any vessel i-^vfhy is one leg 
longer than the other? 

-Father. I will first show you how the ope- 
ration is perfimned, and then endeavour to 
explain the principle. 

I fill the tube, £ d c with water^ and 
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idien placittg a finger on f, and another ott 
c, I invert die tube, aB4 immerse the shor^ 
tcr leg mloa jar of water; and haring u- 
ken my fingers away^ yop see tl>e water 
runs ova: in a stream. 
Mmmch Will it continue to flow over I 
Father* It will till the waterm die vessel 
coMes as low as s, die edge of the syphon. 
CAarfev* Is di&s accounted for by pres* 
sure? 

Father. To die pressure or weight of 
die atmosphere we are indebted for the ac- 
tion of die dyphoui pumps, &c. At present 
you must take it for granted that die sh 
wMch we breathe, though invisible, has 
weight, and that die pressure, occasioned by 
it, is equal to about 14 or 15 pounds upon 
^ery square inch.* The surface of. this 



* ttmy of my yoani^Teaden are unwifiing to admit 
tlus assertion without |m»g tii^ must be Tefened to 
tbe middle of the second volume of these t)ialofueA« 
for a complete demonstration of the &ct 

Vol. 11. O 
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table is equal to. aix>ut six square fleeti 
864 square inches^aQd the pressure of 
atmosphere upon it is equal to s^ le 
12,000 pounds* 

Emma. How does the pressure of 
air cause ^.water to run through^ the sy* 
phou i . 

Father. The priiu^sple ^ the sjqdxHi' m 
.this ; the two legs are xjS. uneqiial length, 
consequeudy the weight of water in the Ion* 
ger leg is greater than that in the shorter, 
and therefore will, by itsown graviQr, run 
out at c, leaving a vacuum from i>4o E^^did 
not the pressure of the atmosphere oa the 
surface of the water in.the jar force it up 
the leg D %f and thus continually supfdy tl^ 
place of the water in d €• 

Charles. But since the pressure of fluids 
acts in all directions, is not the upward pres* 
sure of ti^e atmosphere against c, the mouth 
of the tube, equal to the downward pres^ue 
<m the surface of the water 7 

Father. The pressure of the atmosphere 
mi^ be considered as equal in boA c^es. 
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Vbt these equal pressures are counteracted 

Wy the pressures of the two unequal columns 

tlSf water, d e and i> c. And since the at- 

moqihrnc, pressure ia more than sufficient 

«D bdance b^th these columns of fimid, ^t 

wltidr sft;i9 irUh the tesser force/ tiiat is, the 

ccflatnn d s Witt be more pressed against d 

C^^^oiiCfis £^g^sl.B 1^ Itf the irertez D^ 

cp n aequ ^ y tbe j^utnUrB.S wiU yield to 

lil^ gWftt^-F^^^tMd^flQW (0 dit:ough 

liie orifice c • 

Emma* Would tb^ same Amg happen 

if ;^tiie imt^r leg d g w^re shorter than the 

other? - 

, father. If DC were broken off at b, even 
I with ,the awr&te of the Water, ntp water 
li^wpuU^run over: or if it were brcdcen off 

90^ whc!^, lower than B, it would only run 
\ vvay tilt ^ the surface of the fluid descended, 
' t^5| level, wtb Ae length of i||he outer tube„ 

beqsm^ then, the coluinn d % will be no, 
I monc pressed against d c, than d g is against 
' B E,,aiid conse^quently tibe S3rphcm wilt empty. 
I itself; the wa^r in tl^ oui^r leg, will ruiv 
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out at the lower orifice^ and that m t 
Ber will hH bauk into tbe jar. 

Chatle9. In decanimg a botde of 
are you obliged firrt to fiU Ae sjrplicm 
liqpiiMV And then uimt it 7 

Father. 'No: aiouiHp^ is fixedto Ae 
oater leg oE tbe ififpho&t by WUck die airls 
dra«m oiitbf It by ffarmoutb, and die^diott 
leg being imm^rsl^ intfaewintt dieiiuid 
will fellow the aii>, and run out tiU^ die bat* 
de ia empty. 

' The syphon is ibmetim^ disgufaed lor 
die sikt of amoving young peo|rfe. - Tanta- 
lus's cup^ate III. fig. 2r.) is of dusldnd. 
Hie longer legof the syphon passesdurbugh) 
and is cemented into die bottom ci the 
cup ; if water be poured into die cup, so as 
niot to stand as high as die bend of' die 
tube, die water win remain as in any cam- 
mon vessel; but if it b^ rsdsdi over die 
'b^ded part c^ the s]rphoo, it wiU run over 
and continue to run till the vessel is emptied. 
Sometimes a Httk figure of a man, repre- 
senting Tantalus, conceals the syphon, so. 
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fhat Taiitelos, aft m ^tiefMt, atandUt up to 
hmxAAn m water, hut is never abk ta quendi 
Ui tiiiist^fMr JDst as it €oiiiea to a level with 
liis dii&y it rum ou( throng^ die cpuceialed 
sypbcM. 

^ Emmcu To ^$ ftble the lines in Pope's 
Himier refer: 

B^ln the ci»d^ floodij refierimKQt crafe8» 
And pines withtlHi^ amid&A seaof wsveis ^ 
And when the; wnter to kiA lips applies. 
•IMc from his lips the treacherous water flies* 

Pom. 



F0her* It i& alluded to also by eur own 
lEhon: 



-4md of itself the water flies 



AU tikste of living wight, ss once it fled 

The I'qi of Tant»lus« — 

Par. I^ost, Book n. 

^is is anodier kind of Tantalus's cup 
^late jv. Fig. 28.) but the s)rphon is cr- 
2 
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cealed in the JitUdle^ aad when die Waicr.' 
m the ctipf wiuch commuiiicAtes «rMi the. 
shorter legtat i, is raiied ^bove the beiid of 
the handle, it rons out tfaroui^ the l&ager 
leg at p, and so continues till die ci^> ^ 
emp^. This cup isdften aiade tovdee^ivie 
the unwary, who, by taking it;up' to drinks 
cause the water, which was, while at rest, 
below the bead of the sj^honf to runover, 
and then diere is no means of stq>piiig'iihe 
stream till the vessel is empty. 

Charles* I have frequently seen at die 
doors of public houses large hogsheads of 
spirits in carts or waggons, and persons 
drawing oiF die contents by means ci an in« 
strument like a syphon. 

Father. That is called a distiller^s crane 
or syphon, b (Plate iv. Kg. 99*) represents 
one of these barrels with the crane at work 
from the bung-hole n. The' longer leg m r 
is about three feet long, with a stop-cock 
near the middle, which must be shut, and 
then the shorter leg is immened in the li« 
quor. 



•^iJ^iUMU h ^e sitM tb^ 9hoit leg forced 
41to the ctlber i>x.:the Op^prard pre83tti?e of 

■ Taiker. It is^ and /die cook being ^\kx% it 
caanot escape, but will be veiy much com- 
densed. If then the cock be suddenly open^ 
ed, the condensed air Mill rush out, and the 
pressiire of thie iXt on the liquor in the ves-» 
sel %rfll force tt overth^ bend of the syphon, 
and cause k to flow off .in a stream, as the 
figure reprefteiUs; If^ however, the barrel 
be not full, or neairly* so; ^thbn it is necessary 
to draw tlie air oiit; of the syphon by m^ana 
of a small tube, a by fixed to it. 

By the principle of the syplion we dre 
eaabled to explain the ttature of intermitting 
sj^ngs. , / . 

Emma* What are these. Papa ? 

Father. They are springs or rather 
streams, that flow periodically. A figure 
will give a clearer idea of the subject than 
many words without, g f c (Plate iv. Fig. 
Ipt) represent a cavity in the' bowels of a 
hill, or mountain, from the bottom of which 
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c, proceeds die irregalarcvrifyCs Of 1 
ing a sort of tttturd 8]r[dioo. Noir^ as i 
carity fiOs, by means of rain cn^snowi 
ing throu|^ the pores of the gnmnd, lli£ 
waler will gradually nse in the kg c s^ tiB 
it has attained the h<»rizoi^ level A Ay wiieft 
it will begin to iow ^fough die kg £ :s^ 
andxontuiue to increase in die qaand^ di^ 
charged ap the water rises 4ii^ier| dtt a foB 
soream is sent forth, and the% by the |mn- 
cipk of dieqrphGor, it must ccmlinue to flo w 
till the water sink to the levd i if when ibe 
air will ru^ into die syphon, and stop its 
motion* 

Char lei. And being onde bifougltt so low^ 
it cannot run over again dll die cavitfr is 
fun of water, or, at least, up to the kvel h A, 
which, as it is only supplied by the drain- 
ing of the water through the ground, must 
take a considerable length of dme: Is that 
the reason why they are called intermitting 
springs i 

Father. It is : Mr. Clare, in his treati^ 
w On die Motion of Ruids,'^ iUustrates dii& 



ftd^eet by i^efeniDg to apond i^ Gravesendy 

MH of which the water ebba all the time the 

ddels conung into the adjacent river, and, 

rnQs in while the tide is going out* Ai^ther 

instance mentioned l^ the same author ia a 

apring in Derbyshire, called t|ie Wedding- 

weOf whichy at certain seasons, issues fordi 

m strong steam, with a singing noise, for ' 

9|bout three minutes, and then ^ops agun. 

At Iiambourn^'hi Baitshire, dksrt ifr a brook 

which in sun^mer cahiea down a stream o£ 

water sufficieitt to {turn a miU; but during 

the winter there as scfurcely any current at 

In intenmtting springs the periodical re« 
turns of the flomng and cessation will be 
regular, if the filling of the reservoir be so;^ 
but the interval of die returns must depend 
on the quantity of water furnished by the 
springs* 
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CONYERSATION XCL 



■*^ 



FATHERS Take thia alc-glass, anif 
thrust it with the mouth downwards mto' 
^ glass jar of water, and you will per- 
ceive that but very little water will enter 
into it. 

Charles. The water does not rise in it 
more dian about a quarter of an inch : if I 
properly understand the subject^the air, 
which filled the glass before it was put in 
water, is now compressed into the smaller 
space ; and it is this body of air that pre- 
vents more water from getting into the 
glass. ^ ^^ 
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Fatf^w Thitf 18 ikt reason : for iif yoa 
iBt the glass a Utile on ooe side* a part of 
the adr will escape in the form of a bubble, 
and di^i the water will rise h^g^er in die 



Upon tins simple principle mathines have 
been invented^ hy which people have been 
aUe to w^ about at the bottom of' the 
aea, with as much safety as upon the sur- 
face of the earth. The origind machine of 
tbis kind was much improved by Dn Hal- 
ley, i^ore than a century ago : it was called 
^ Diver's BeU. 

Ckarks» Was it made in the shape of a 
bell? 

Father. It was ; and as great strength 
was required to resist die pressure of the 
water, he caused^it to be made of copper : 
^ (Hate IV. Kg. 31.) is a representation 
td it. The diameter of the bottom was 
&ve feet, that of the top diree feet, and it 
was ei^t £eet hig^: to make the vessel 
Sink vertically in water, the bottom was 
loaded wkh a quantity of leaden balls* 



i6g ^ anmosTAtiGil 

£mma» It "^^^^ ^ 1^^ as a good 
sized cknet; but how did he contrive to 
«et light? 

Father. light was let into the bell by 
ineans of strong spherical glasses, fixed ia 
|he top of the machine. ' They are dius 
described by Dr. Darwin : 



-Lo ! Brttaia*! sons shall gtude 



Huge sea-balloons beneath iht tossing^ ta}e ; 
The diving castles^ roofd with spheric giass, 
Bibb'd with strong^ oak, and barred with bolts of 
brass. 

BoTJjrioAL Gabobbt. 

Charles, How are the divers supplied 
mthair? 

Father. Barrels, filled with fresli air, 
were made sufficiently heavy, and sent 
doWny such as that represented by c; froia 
which a. teadiem pipe commtmicated with 
the uiside of the bell, an4 a st(q>-cock at 
ttic upper part of the beQ let out the foul 
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JUT. Dr. Barwin, in the spirit of prophecy, 
anticipates the time wken these machines 
will be sent upon voyages of discovery, and 
says. 



Then shall Bbxtahitia rule the wealthy realms. 
Which Ocean's wide, insatiate way^ overwhelms ; 
Confine in netted bowers his scaly flocks. 
Part his blue pbuns, aAd people all his rocks. 

BoTAmcAL Gabsir. 

£mma0 ^tht little men seem to sit very 
contentedly under the bell, yet I do not 
tbiok I diould like a journey with them* 

Father* Perhaps not •* but the principal 
inconvenience which divert experience 
trises fit>m the condensation of the^air in 
the bell, which though in the ale-glass 
was very trifling, yet at considerable depths 
m the sea is very great, and produces a 
disagreeable pressure upon all parts of the 
body, but more particularly in their ears, 
as if quills were thrust into them. This 

Vot. II. P 
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sensatiofi does not last long, for the air 
pressing through the pwes of tbe skin, 
soon becomes as dense mdun thrar bodiei 
as without, when the sense of pra»are 
ceases. 

Efima. They might stop thdr eaes with 
cotton. 

Father^ One of dum once thought him- 
sdf as cunning as you, and for die want of 
cotton he chewed some papery and stufied 
it into his ears ; as the bell descended, the 
paper was forcibly pressed into the cavi- 
ties, and it was with great dlfficdty smd 
some danger, that it was extracted by a 
surgeon. 

Charles* Are div^v able to renuun long 
under water ? 

' Father • Yes : wfaai all things-are pro- 
perly arranged^ if business require it, they 
will stay several hours without die smalkst 
difficulty. 

-Emma. But how do they get up again ? 

Father. They arc generally let down 

^m on board ship, and itaking a rope with 
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tiieiii, to which is fixed a bdl ib the vessel^ 
diejr have dnif to pull the string, and die 
people in the ship draw them up« 

Charles^ /What does &e figure it rcpre- 
aent? 

Father* A man detabhed from the bell, 
with a kind of inverted basket made dP 
lead, in wludi is fixed another flei^ble lea- 
thcm pipe, to g^ve him fre»h air from lint 
beU as often as he may find it necessa* 
ly. By this method a man may walk to 
die distance of 80 or 100 yards from the 
machine. ; 

Emma* It is to be hoped his comrades 
will not forget to supply him with air. 

Father. U his head is a little above 
that part of die bell to which the pipe com- 
municates, he can by means of a stop-cock 
assist himself as often as he requires a 
new sup|dy ; and that man is always best 
helped who can help himself. 

Charles. I dare say that is a right prin- 
ciple ; in the present case, I am sure, it 
would be exceedingly wrong to depend on 
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smother for that wliicb might he tlcMie by- 
one's self. Has the Diver's Bell been ap* 
plied to any very useful purposes? 

Father* By v^ssx^ of ihis. inventkni, a 
great number of valuable commodities have 
been recovered from iifrecl^ of ships, though , 
a^ great depths in ^ sea. 
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CONVERSATION XX. 



Of the IKver'fl BdL 

fATHER. You ace how, by this con- 
trivance the parts of wrecked vessek and 
their cargoes are saved from the devour- 
ing ocean ; and hy what means people are 
ei^led to pursue the business of pearl and 
coral &shing. 

Emma. Have there been no accidents 
attending this business ? 

Father. There are very few professions, 
however simple, the exercise of which, 
either dmmgh careles^ess or inattention, 
is not attended with danger* The diving* 
l>eU proved iatal to Mr. Spalding and ai; 
p 2 
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assistant^ who went down to view die 
Wreck o( the Imperial East-Indiaman near 
Ireland. They had been down twicet but 
on descending the . third . time they re* 
xnained about an hour under water, and 
had two barrels of air sent dawn to themy 
but the signals from below not being agaiQ 
repeated, after a certain time they were 
drawn up by their assistants, and both 
found dead in the belk This accident 
happened by the tvyisting of ^ome ropes, 
which prevented the unfprtunate suflFerers 
from announcing their wants to their com- 
pariions in the ship,— Mr. Day also pe- 
Hshed at Plymouth in a diving-bell of 
his own construction, in Which he was to 
have continued, for a wager, twelve hours, 
one hundred feet deep in water. To these 
Dr. Darwin alludes i when speaking of the 
sea he says, 

Mmgling^ in death the brave and good behold, 
Wtiii nUves to gflory, and with alaves to gold, 
Shrin'd in the deep shall D^t and SpACDiNa mourn* 
^^ tieach«roua bell, sepalchral urn ! 

BaTAincAL Gaeosv. 
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CMtrles. Did these accidents put augend 
to the es^perlqaents ? 

Father. Nq ;. but they 'have led to in^ 
pix^emeat$ in the structure Mid u^e^ of the 
nba^htne* Mr^ Smeaton vfery successfully 
made use of a square cast-iron , chest (Plate 
IV. Fig. 32,) rt^ weight of which 50 cwt. 
was heavy enough to sink itself* It wa* 
4J feet' in height^ the sai|\e number of feet 
in length, and 3 feet wide, and of course 
afiiwded sufficient roara for two m^n to 
work (mder it at a time* \ 

Emma. What are those round things at 
the top ? 

Father. They are four strong pieces of 
glass to admit the light. The great advan- 
tage which this had above Dr. HalleyV 
bell, was, that the divers were supplied 
with a constant influx of air, without any 
attention of their own, by means of a forcing 
air-pump, worked in a boat upon the water's 
surface. 

CharlcM* That is not represented in the 
pUte. 



m HnmostATica 

Father. Look to the next figure (Hate 
IT. Fig. 33«) which is a divhig machine of 
% ^fkvtxkt construction, invented hy the 
Yeiy ingenious and truly respectable lectur- 
er, Mr. Adam Walker,* by whose leave I 
am enabled to coj^ the figi»%« . 

This machh^ b of the 8faiq>e of a conf- 
cal tub, but little more than one-tlurd as 
large as Mr Smeaton's. The balls at the 
bottom are lead, suffidendy heavy, to make 
it sink of ibelf : a bended metal tid>e, a b 
c, is attached to the outside of a machine 
with a stop-cock a^ and a flea^le leathern 
tube to the other end c; this tube is coi^ 
nected with a forcing air-pump if, which 
abundantly supplies the diver with fresh 
ain 

Emma. Can he move about mth the 
machine I 

Father. Most readily ; for the pressure 
of the water being equal on aU sides* he 



• Sec Wjdkcr*8 Syatcm of Natural Philoioi^, 2 
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xxieets i0lrith very little resistance ; and the 
ropes and leathern tube being flexible^ he 
can, with the machine over his head, 
walk about several yards, in a perpendicu- 
laer posture : and thus having a more r^ady 
access to pieces of the wreck than in a 
etimbrous bellf he can easily fasten^ ropes to 
liiem, and perform any sort of business 
nearly as weU as ot, dry land. llfr. Walker 
says, d»it the greatest part of the wreck 
saved from the rich ship Belgioso was ta- 
ken up by means of his bell. The follow- 
ing anecdote, ^ven by thi^ gentleman, wilt 
entertmn my young readers. 

** As the diver had plenty of air to spare, 
he thought a candle might be supported in 
Ae bell, and he could descend by night* 
He made the experiment, and presently 
found hiimseU' surrounded by fish, some 
very, large, ^nd many such as he had never 
seen before. They sported about the bell, 
and smek at his legs as they hung in the 
water: this rather alarmed him, for he was 
not sure but some of the larger might take 
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a famcy to him ; he therefore rang his beHI^ 
to be taken up, and the fish accompanied 
him with much good nstfure to die 8ur» 
jface.*'— .To a scene not very unlike this^ 
Dr. Darwin refers in die spirit of prophecy^ 
when. 



Onwardf through bright meandering vates^ %&r. 
Obedient shvks shall trul her sceptred car. 
With haniess*d necks the pearly flood tUstoib^ 
Stretch thie silkrein,, and champ the silver eiffb ; 
Pleas'd round hat triumph wond'ring Tritons pUy» 
And sea-maids tuil heron the watery way. 
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CONVERSATION XXI 



OfPump». 

FATHER. Here is a gl^uto moikl of a 
•^mmon pump (Hate iv* Fig. 34.) which 
4ict8 by the pressure of the atmosphere on 
^ snriac^ of the water in which it is 
placed* 

Emma* Is this like the pUmp below stairs? 

Father, llie priirciple is exactly the same: 
u vq)reseiits a ring of wood or metal, widi 
pliable leadier fastened roimd it t6 fit the 
cylinder A. Orer the whole b a valve of 
laetal covered widi leather, of which a part 
serves as a hi^ge-for the valve to open 90jA 
stmt by. 
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Charles. What is a valve, Sir t 

Father. It may be described as a kind of 
ltd or trap^Kloor, that opens one way into a 
tube, but which the more forcibly it is pres* 
sed the other way» the closer the aperture ts 
ahut : so that it either admits the ^otrance 
of a fluid into the tube, and prevents its 
return; or permits it to escape, and prevents 
its re-entrance. 

Attend now to the 6gure: the handle 
.pnd rod r end in a fork Sy which passes 
through the piston^ and is screwed fast to 
it cm the under side* Below this, and over 
a tube of a smaller, bOre, at 2:, is another 
valve V opening upward, which admits the 
water to flow up, \m> not to run down. 

£mma* That valve is open noif, by 
which we see the sizie of the lower tube, 
but I do iiot perceive the upper valve. 

Father* It b supposed^ be shut, and in 

this situation the piston a is drawn up^ 

and being air-tight, the column of air on if* 

is removed, and consequently leaves^a 



die piston ^nAlemt vdJrew 

xsp^ Ae ptof^Uffiidfe ^ bi^ettse the* platM 

ite aMWt afe i' <vmkfa tltrvtteuuBfr b^i^txte^ 

€katb$i iMdAe dower Ae'p^itM urCb 
the tcnifer v»l¥Q Ais^oreperfeeMrftt^lietBe 

Iba Iiiofw diere is^ a pred&are df tte ait 
oii^affi tedieo M or n^ar- the^ sm*filKte'Of the 
earth, equal to about 14 or l^* poumb oft 
every squares iHcU : thb> pt^ssure upon the 
■wiier in the^ WeB; into which die tow^ end 
of'die pumpr is fikedj ^rces tfte wtitef intd 
the tube z abovt^ its levei as high a» A 

Oiarles. M%a€ becoittes <^ tBie «r tMat 
was' in that part of the tube^? 

Ifather^ ¥ou> shafl see' ^e operatteuc; I 
pttt the modtl into a cHsh oF liitter wtiicit 
new stsmds at a leir^in thetu^sr, wtth^the 
water in the dish. I draw up^ the- pi^tdn^ii 
nftidl causes a-vacUttiiirinAfe eyliMd^ A. 

ToL. II. Q 
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Emwuu But the valve v opcosy and t0\ 
tbe water has risen as high as L . 

Father* Because when the sdr was 
out of the cylinder A, there was no pressi 
upon the valve v to balance that beneath 
consequently die air in the tube 2. opens its 
valve Vy and part of it rushed into a. Butts 
soon as part of tlie dr had left the tube Zy 
the pressure of the atmosphere upon die 
water in the dish was greater than that of 
the air in the tube, and therefore by the ex- 
cess of pressure the water is driven into it 
as high as /• 

Charles* The valve t^ is again shut. 
Father, That is because the vox is diffu- 
sed equally between the level -of the water 
at / and the piston a, and therefore the pres- 
sures over and under the valve are equal. 
And the reason that the water risek no 
higher than / is, that the sdr in that space is 
not only equally diffused, but is of die same 
desisity as the air without* Push down the 
|>is^on a again* 

Emma. I |aw the valve in the piston 
open. 
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Father* For the air between the piston 
valve V could not escape by any other* 
IS than by lifting up the valve in a. I 
draw up the piston* 
Charles. The water has risen now above 
%e valve v as high as m. 
' Father * I dare say you can tell the cause 
pf this. 

»> Charles.\% it this : by lifting up the piston, 
.^he air that was between / and the yalve tr 
rushed into Ay s^nd the external pressure of 
the atmosphere forced the water after it? 

Father* JisA now that portion of eur re* 
mains between the surface of the water n 
Itnd^the piston^ The next time the piston 

• 19 forced down, all tue an- mustrx^ape, the 
[ Water will get above the valve in the piston^ 
\ ifaeA in nusing it up again, it will be thrown 

' out of the spout* 

^ / Emma. Will the act of throwing that out 
; open the low6r valve agsdn, and bring in the 
' fresh supply? 

* • Father. Tes: every time the piston is 
eljevated, A^lower vs^ve rises^ and the op* 



fier Jniw £ilki bm tmtry Ame the jiukIqkj 
4^l«Mied; 4fae iMTtf ^iie £dl0i joid ibe 1 

JSmifta. Tlusmetliodof nki^i^^ 
«c> wnple .and .^^sy that I inmider {»eppfe 
should take the troubkof drawing wn$tr up 
fi?M»4c(|p 'welUii ^i^^ea it ll^g^ be qbt^iA^ 
ao much easier by a pnnip. 

AOber* I m^^g^mg to itU ymi^Aatihe 
m> t iff^y i of -DuiwSf 90 heautifiil i^id ivff*iTli*^ 
^^UjiyiaFeryUaEiitedin it^qperaticsu if 
the w^tfir m Ihe w^U \>t moro ifa^a ^ 1^ 
99 ,%)t %Qiy) /th^ yalve xf^ you^omy puiiip^cir 

JVatfAflT. HiaveabeadfdtoldyjpudiatitiB 
Ike we^ df the Jrinosphejse arUoh Cciroa 
die water ioto the vacuum of iriie funpt 
low if thin W6i|g^t mpffi ^wJimted, the ic- 
ll(m^<^the]>^Mi^W9«ldbeiolMeewiae;fciit I 
the weight of the atmosphere is eody ahsut 
14 or U pcmpda 4m eviery.squyKe mch ; 1^ 
• Wiof wf^,Qf«)H>trt99fe^juiiii^ 
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aisid ^vvfaose surface is one square ioch, weighs 

^^fo 14 or 15 pounds. 
. Charles. Then the weight of the lUmos- . 

I^ie would bahmce or keep in equilibrio 

only a column of water of 33 feet high, and 
consequently could QOt support a ^ater 

icdiumn of water, much less have power to 
raise it up. 

EmiiKin A pump, then, would be of no 
Use in the, deep weUs which we s^w near the 
coast in Kent. 

Father^ Kone at all : the piston of z 
jsamp sjiould never be sat to work more than 
28 feet above the water, because at some 
period the pressure of the atmosphere is so 
mnch less than at others, that a column of 
water, 3omething more than 28 feet will be 
equal to the weight of air. 

itoa caaanot better fix in yoar mind the 
principle and action of the pump, than by 
committing to your memory Dr. Darwin^s 
beautiful description of it : 

lUptvas ! Tou first taught to pierce the secret cav68 
Of humid earth, and lift her ponderous waves ; 

<L2 



Bude witb ^piick ■trolQe te ili£s|f piitOQ bett 
the viBwUM oolumnB of ineaoibent air;—* 
Fretted by theincunibeiit ttr^ the fioods below 
Tbrosgb e^ettkii^ ftti^ in fb>in'itig tAnetitA ■kfif't ^> j 
pott alter iK^t iritfa kmn'd ta^obe liM«e^ 

BoTAsie Gabdot* 
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CONVERSATION ISSXL 



Of Uie Torcing^rmp^Tiee engine^Bope^^ump-^and 
Water-prest. 



CSMIBS. Why if this caUed the 
fbrdDg-pump ? (Plate iv# Fig. 35.) 

FfOhtr* Because It Ddt Wy raises the 
unoer into the barrel like the common pumj^ 
bat afterwards fbrces it up inCo the reser- 
voir x X. 

£mma How b that operation perform- 
ed, Papa? 

father. The pipe and barrel are the 
same as in the ot^r pump, but the piston 
G has no valve ; it is solid and heavy^ 
and made air-tig^t, so th^t no water can 
get above it» 



m enmosTATics. \ 

Charier. Does Ae water come t^dtrough 
the valve ii, as it did in the last? 

Father. By raising up the piston, or as^ 
it is generally called, the plunger a, a va- 
cuum is made in the lower part €>f the 
barrel, into which, by the pressure of the* 
air, the water rushes from tfie well, as you 
shall see. 

Emma* And the Valve is shut down* 

Father* The water not being able to 
go back again, and being a fluid that is 
nearly incompressible, when the plunger 
is forced down, it escapes sdong the pipe 
If, and through the valve b into the ves* 
sel K. 

Charles* Though the water stands no 
higher than A, yet it flows through the 
pipe 7 to some height. 

Father* The pipe f i is fixed into the 
top of the vessel, and is made air-tight, 
so that no sur can escape out of it after 
the water is hijgher than i, the edge of the 
nine. / / 



.JSmmfh Tbeft die wMe qHtnti^ of air 
«U^ og^ciipidd'tJb^ space ri is coiii{XMissed 
into the smaller space yk f« 

ftfifum^ ^w ase rigbt» and tbeirc^re 
the eiMa ipre«»)U» /on ibe iwiater m ihe 
yfm^ fonces it ^isnxm^ the jiipe, as y^oQ 
sc^ 

Ch9rh»P A^A Ar 'greater ihe coBda> 
wtiiu^ ;t)iat isi the mete t»iiter you faroe 
WfdP (^^mosad s, the iiig^ihe ^team wilt 



Fmher. Certainly : for the forctng- 
pmipifiilm fBomifae Jafet ill this respect^ 
that there is no limit to the altHisde «cii 
v]4ch ¥atc^ Wiy he th|}pwa# «ince the^ 
Ht^r ^ fiyy^flmp d^ abwpt ^oy degree. 

^Dhe w«keiHiRHiks 4it Ikndon-^bridge^ at* 
iBdedto p* M« ei^bitattosl curioos ea^ 
8be» otoostriKted up<m the prindple of 
tike foi^g^pimp I die wheeI*wovk is so 
mmmtA M to me^^ either way as ^ 
wster r^ns i ^ thi^se ^vwks» one hxxodffA 
aii4 for^ |hQ]bi§Q9i hogsheads cf wat(»* axe 
tsdse^ every day. 



190 HYDROSTATICS. 

Emma. Is there any rule to calculate 
the height to which an engine will thro^ir 
water? 

Father* If the air's condenaatioft be 
double that of the atmosphere, its pressure 
will raise water thirty-three feet; if the 
condensation be increased three^fold, the . 
water will reatfh sixty-six feet ; and so oti^ 
aflowing the addition of tlurty-three feet 
in height for every increase of one to the 
number that eiq>ressed the sur's conden** 
sation* 

CAarks. Are fire-engines made in ttus 
mimner? 

Father. They are all constructed on the 
same piinciple^ but there are two barrels 
by which the water is alternately driven 
into the mr-vessels : by this means the 
condensadon is much gres^er; ^e water 
' rushes out in a continued stream, and with 
such velocity, that a raging fire is rather 
dashed out than extinguished by it, which 
is well described in the Botanic Garden i 
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NpEras 1 Toa first taught the gelid wave to rise* 
Rurrd in resplendent arches to the skies i 
In iron cells condensed the airy spring. 
And imp'd the torrent with unfailii^ wing. . 
—On the fierce flames the showers impetuous falls, 
ind sudden darkness slirouds the sbatter'd walls ; 
Steam, smoke, and dust, in blended volumes roll, 
And night and silence re-possess the Pole, 



Garden-engines are also coQStnicted on 
a principle similar to that which we have 
been describing. 

This figure (Plate iv. Fig. 36.) is the 
representation of a method of rsusing water 
from wells of considerable depth. 

Emma. Is it a more convenient method 
than the wheel and axis i 

father. The wheel and aids are adapted 
merely to draw up water by buckets : 
whereas the rope-pump is intended to throw 
Water into a reservoir to almost any height* 
It consists of three hair ropes passing over 
the pulleys a and b, vrhkh have tliree 
grooves in each. The lower pulley b is 



im 



saapeadtd b^ a wrigltt xw Ae 
are tomcd rovaa with great fi'aK<y 
mtikipl^g wheels, and fhe eotds- m 
asceoc carry np a coonderable qontfty 
water, whtdi thcjr discfaarge into nie b 
or reservoir 2, from whence by j^pes 
may be conveyed dsewhere. The ropes 
must not be more dian aboat an inch 

EmmM* "What is the Rasoiii «f tfaa^ 
Papa? 

Father. Because, i» that eaae^ a^sfur of 
cohunn of water w31 ascend betweov the 
ropes, to which it adfaetea by AeipBessuae 
of the atmosphere. 

Charles. Ought not diis column^ in its 
Mceot to fall back by ita own gravi^. 

Father • And so it would,^ did no^ die ' 
gveat vdoci^ of the ropes occ^ioii aeos^ < 
•iderahle rMsfadiois of the sur neair Aao^ 
CMseqiAemly the ad^en|^ patts of thr aty 
mosphtre presAtngtowanii the vac«)^,tend 
•-• -^wport the watep. 



' Sinnuh Can any constderable quantity 
of water be raised in this way i 

Wtaherm At 'Vnttdaor a pump of tlus 
kind criU raise, by tlie efforts of one man, 
s^oat oiiie gallons of water in a minute 
from 'a mrdl mnety^five feet deep. &i the 
b^^aniag €^ motion, the column of wa- 
ter a^eriag to the rope is always less 
than when it has been worked for some 
thne, and Ae quantt^ conttnnes to in^ 
crease tiH the surroundihg air partake of 
its motion, lliere is also another of these 
pomps at the same place, which rsoses 
wat^ from ihe well in the round tower 
oae Imodred and se^irenty«eight feet in 
depui* 

Charlesp Yoo told us some time ago, 
that when we had seen the nature and 
tmdemtood the coastruction of valves, you 
wonld explain the action of the water-press. 

Feaber* This is a good tinve for the 
patpoaet and with it I (ifaall conclude our 
bydroatatical conversations. 

You miMt torn back to the second Rate 
Voi, II JR 
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(Fig. 14.) a is a strong cast-iron cyliti' 
der# ground very accurately withini that 
the pistoa e may fit exceedingly close and 
well. I need scarcely tell jrou, that the 
little figure represents a forcing-pump, 
with a solid plunger c, and a valve n that 
opens upwards^ through which the ^ater 
is brought into the pipe n o. By bringing 
down the plunger c, the water in n o is 
forced through the valve x^ into the bottom 
of the cylinder^ and thereby drives up the 
plunger e. 

Charks* What does m represent ? 
Father. A bundle of hay, or b^g of 
cotton, or any other substance that it may 
be desirable to bring into a compass twen- 
ty or thirty times less than it. generally 
occupies. 

Emma. I see now the whde opetation: 
the more watet there is forced into n 0, 
the higher the plunger is lifted up, by which 
the substance m is brought into a smaller 
space. 

Father. Every time the handle s is 
lifted up, the water rushes in from the well 
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.cisteniy and when it is brought down 
water must be forced into the cylin- 
► The power of this engine is only 
^ited by the strength of the materia of 
it is made, and by the force applied 
It. - ■ ' 

"*- Mr. Walker saysy a single man working 
M a, can, by a machine of this kind, bring 
-' liay, cotton, &c. into twenty times less com- 
pass than it was before ; consequently a 
vessel carrying light goods may be made to 
cont^ twenty times more packages by 
aieans of the water-press than it could with- 
, out its assistance. 
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KQKYmsATum xxni. 



OF Tim TsfAmmoL w mt. 



Fathfer*-— Oh^les^i^— Smtpau 

TATS£il. TteittmDchDfuttmridfSii- 
iMDfiby whiicfa IB caBltA RieuMaitic^ ^^ts 
of die oatitFe, weight, ^itMure, Mid ^spritig 
of the air which we breathe, and of the se- 
veral etk€$M depoadent upoa tliese proper- 
ties* 

<tharkM4. T6l|taldiis«fcwdafs 8gb,llM 
die air, thongb to «s iflffinbh, h a flaid: 
but it surely differs very much from those 
flmds which you ccmversed upon when 
trtating of hydrostatics. 
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Father • It does so: but recoHect 
tenns bjr which we defined a fluid* 

Charle9. Toa distiiigijushed a fluid ; 
body, the parts of which yidd to ti&e 
pressure* 

Father^ Hie air, is which we lire and 
move, will answer to this definitioa ; ance 
we are conrinnaBy immeirsed in k, as fish 
are in the water ; if the parts did not yieU 
to the least force, we should be constantly 
reminded of its i»esence by the ^pesistance 
made to our bodies ; whereas persons unac- 
customed to think on these subjects are 
not even aware that Aey are surrounded 
with a fluid, the weight and pressure of 
which ify not counterbalanced by some 
other power» would instandy crudi the hu- 
man frame. 

Emma. In a still, calm xlay, such as the 
present iSf when one can scs^rcdy discern a 
smg^e leaf in motion,^it is difficult to con- 
ceive of die existence of audi a fluid; but 
when 
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nd doubt can remain as to the existence of 
fleme migfhty unseen power. 

Charki. By diis quotation, Emma, you 
«dte k &r ginuited Aat the air and die winds 
«Gre^e«attek 

JViA^. This is «a% t)ie &c^ as w« 
diall {mive on a future day. 

Charka. But I am npt quite satisfied tiiat 
Ae air is sucjh a body as you hHTe de« 
scribed* 

Fai^har* I do tiot wisb Ip proved ^ 
single step till I have made your mind 
easy upon this head*— -« You see how 
easily those gold and ulver fish move m 
Ae water: «aa ^ou ^eq^wi the reason 
rfit? 

Charles. Is it not by tbe exertion of &eir 
fins? 
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Father. A fish Mmms bjr die h^ of lib \ 
fins aad tail; and SAk in geaenil are neaurljrJ 
of the same specific gravity widi waiEtccwl 
Take away die water from the vessd, amd 
die fish would still have the use c^dieir fins 
and tail, at least for a short period* 

Emma* And they would flounder about at 
the bottom* 

Father. Now consider die case of birds, 
how they fly; the swallow fqit bstance, 
glides as ^mcKithly along in the ah* , as fish do 
in die water : but if I were to put almd, oc 
even a butter-fly, under a glass Bcceivcr, 
however large, and take away the sdr, th^ 
Would have no more use of their wings, 
than fish have of dieir fins when out of wa- 
ter. You shall see the experiment in a day 
or two: 



-If thk support 



Vr«M wmtiiig, all the feathv^d tribes nuuit drop 
ThtuaeleMwing:. 

EUBOSU* 
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Emmcu And would they die in this sit- 
nadoD, as fish <fie when taken firom theic 
natural element, the water ? 

Father. The cases are precisely simi^ 
lar: some fish, as the carp, the eel, and al* 
most all kinds of shell-fish, will live a con- 
siderable time out of water ; so some crea- 
tures, which depend upon air for existence^ 
mil Uve a long time in an exhaus^d recei« 
ver; a bi^terfly^ for instance,. wiU ^SL to 
the bottom apparently lifeless^ but admit 
the air again into the receiver, and it will 
revive ; whereas experiments have been 
fluade on mice, rats, birds, rabbits, &c. 
and it is found that they will live without 
sttr but a very few minutes. 

Emmeu These are very cruel experi- 
ments. 

Father. And ought by no means to be 
ixwlulged in; they can be only justified up- 
on ^e presumption, that in the hands, and 
under the direction of able philosophers, 
they may lead to discoveries of importance 






'GNitoi. Ciflt iiak \ivts it wetter finon 

f'^mtr^ The air 1:^ la Surtv »^ nutrv^Miy 
:]» tbftir <^«j&4£i)t.'e as :t :& to oitCL Besides 

nfeoci p^''^^ oiefft nul camrnmnd of their 
««^My» TKroua^ ia ail cie^iths^ of water, 
wtoiJ? iiEJF daa^ witcrarut it wouM aoC be 

£lii«ui* Whs^ do vou mefBi ft^ ai «r- 

/«ti;^ifr. b Is <A soBBiS h^aiinpr of ur, so 
liispyscU Mficiua theiii» timt^ by xb^maeMMMOt 
Lii lAcjr imiscifis ^i^>^ ^re able to CBBtnct 
4Bi ijj3ate it itt pleasure^ Bv^ cuiU ^ mJw ii 
litejr bvecuQfte^ specifically hearar xham the 
r, 3mi sbik; I^ deikatzan the^ are 
r^ wd xiaK ta the surftce max wa^ 

Ov#fr. Are diese opcntans cKcttil 
brlB»«flftmiair^ 
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JiiM^r. Yeiy much so : for if you take 
away the air from the water in which a fidi 
is swimming, it will no longer have the 
power of contracting the air-vessel within^ 
wluch wiU then become so expanded as to 
keep it necessarily on the surface of the 
water, evidently to its great inconvenience 
and psdn* 



Voi.# II. S 
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CONVERSATION XXIV. 



Of the Air-Pump. 

EMMA. You have told us, Papa^ of 
taking away the air from vessek ; will you 
show us how that is performed ? 

Father. I will ; and I believe it vnSl 
be the most convincing method of proving 
to you that the air is such a body as I 
have described. 

This instrument (Plate v. Fig. 1.) is 
called an air-pump, and its use is to ex- 
haust or draw away the air from any vessdi 
as the glass receiver l k. 

Charles. Does it act like the coHf^mon 
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J^ather. So much so, that if you com- 
fnrehend the nature and structure of Ae one^ 
you wiB find but little difficulty in under* 
staniUng the othen I will, however, de- 
soribe the different parts, a a are two 
strong brass barrels, within each of which, 
at the bottom, is fixipd a valve, opening up- 
wards { these valves commimicate with a 
concealed pipe that leads to k. The bar* 
rds include ako mbveaUe pistons, with 
valves opening upw&rds.'N' 

Emma. How are they moved? 
. Father. To the upper put^ pf the pis- 
tons 'is a^ctied rack-work, part of which 
you, see at c o : these racks are moved up 
and down by means of a little cog-wheel, 
turned round by the handle r, 

jCharks* Tou turn the handle but half 
.way routed. ;. 



• Thi reader is supposed to have attended to the 
.ytnicture , of the common pump, described in Hy- 
drostatics. Conversation SX(. 
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Fiaher* And by so doing, you perceive 
^lat oae of the racks rises, and lii0 oth^ 
descends* 

Emma. What is the use of Ae screw v? 

Father. It serves to re-admit air into 
die receiver when it is in a state ofeidiau^ 
tion ; for without such- a coa^Vanc^ die 
receiver could never be moved out of its 
place, after the air was once taken from 
beneath it* But you sh^ try for yoii^r- 
selves. I first pli^bce a 6lip of wet ieathar 
under the edge of the receiver, jteCMtoe die 
t^rass plate is 1k»Uc to be scratched, and 
the snUucdt unevenness between die re^ 
ceiver a^ plate woujd prevenjt the succfess 
of our e2tperimei|t*^-«*I have turned the han- 
dle but a few times : tiy to ts^e aws^ the 
i^etver* 

Charles. I cannot move it. 

Father. I dare say not : for now the 

\ . greater part of the air is taken from under 

ll^'tlkc receiver^ consequently it is pressed 

I |(^m with the weight of die atmosphere 

^u the outside. ; • ' 
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Emnuu Pray explain how the air was 
ta1a:en away. 

Father. By turning the v^inch R half 
way round, I raise one of the pistons, and 
thereby leave a vacuum in the lower part 
<^ the barrel, and a portion of the air in 
the r^eiver rushes through the pipe into 
the empty barrel* I then turned the winch 
tile other way,, which raised the other pis- 
ton, and a vacuum would be left in that 
barrel, did not another portion of air rush 
from the receiver into it. 

Charks. When the first piston descended, 
did the air in the barrel open the little valve, 
aid escape by the ra^ c i 

Father. It did : and %y the alternate 
working of the pistons, so much of the air 
is taken away, that the quantity left has not 
force enough to raise the valve. 

Charles. Cannot you take all the air from 
the receiver ? 

Father. Not by means of the air-pump. 

Emma. What is the reason that a mi$t 
comes on the inside of the glass receiver 
while the air is exhausting i 
s 2 
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Father. It is explained by the sudden 
expansion of the air that is left in the re- 
ceiver, which we shall notice more particu- 
larly in our conversations on Chemistry. 
Hie fact is described^ as well as the gene^ 
rai operaticHis of the lur-pump, by Dr» 
Darwin. 



IT, as to bmmi pumps the pistons miawe. 
The HMQ^rsiie vstve sustuns the weight sbotne. 
Stroke fellow's 8troke» the gelid raipouv ftll8» 
^knd misty dew-drops dim the crystal walls ; 
Bare and msre rare eipands the fluid thisi 
And silence dwdlt with vacancy withia. 

BOTAHIC GaSDBV. 

The last line alludes to a fact hereafter to 
be explained,* namely, that where ^re is 
no air, there can be no sound. 

Charles* You have not told us the use 



* See ConveMtkm XXXSL 
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Qf^e smaller receiver tr, Wl(h^ botde of 
quicksilver withia it* 

Father. By means of die concealed 
^pe there is a commatiication between thi^ 
and the lai^e receiver, and the whole is in- 
tended to show to what degree die air in 
the large receiver is exhausted. It is called 
the small barometer-gauge, die meaning of 
\rhich yoxk will better understand whep thc^ 
structure of the l>arometer is ex|>]bined*«^ 
will now show you an ei^riment or two» 
by which the resistance of the sur is desurly 
demonstrated. 

Emma. Are these miUs (iPlate v. ]lPi^. 
2.) for the purpose ? 

Father. Yes, diey are : the machine con. 
sists of two sets of vanes, a and h^ ti|aade 
equally, and to move on dieir axes with the 
same freedom. 

Charks. But die vanes of a are placeci 
edgeways, and those of t are breadthways- 

Father. They are so placed to exhibit 
b a striking manner the reaistanoe of the 
atmosphere; for as die little mill o turns, 
it is resisted only in a small degree, and 
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win go rannd a much longer time than tlK 
other, which, in its revolutions, meets die 
air with its whole surface. By means of thell 
spring c resting agsunst the slider d in each I 
mill, the vanes are kept fixed. 

Emma. Shall I push down the sliders ? 

Father. Do so : you see that hoth set off" 
with equal velocities. 

Charles. The mill & is evidendydecbning 
in swiftness, while &e other goes on as 
quick as ever. 

Father* ^ot quite so : for in a few mi- 
nutes you will find them both at rest. 

Now we will place them under the receiv- 
er of the air-pumpf and by a litde contri- 
vance we shall be able to set the mills a 
going after the air is exhausted from the 
receVer ; and thei^ as there is no sensible 
resistance against them, they will both 
move round a considerable time IcHiger 
than they did in the open air, and the 
instant that one stops, the other will stop 
also. 

Emma. This experiment clearly shows 
the resisting power of the air. 
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Bather • It shows abo lliat its resistance 
s in pix>p<M:tion to die surface ot>posed to 
t: for the vane which xnet and divided tibe 
ur by th^ edj^e only, cpndnu^ to mOye 
he longest ti^le they were both e:;ppose4 
to k; bat when that wa^ removed, tjbey 
both stop together, bec^se there is nothing 
DOW to retard their motioii» but the friction 
on ^ pivQts, wMqh is the same ^n both 
casen. Take this guinea an^ a, leather ; let 
them both dtop from yotur band at tlie same 
uistant. 

Charks. T^e gmnea h soon at rest ^ 
my feet, but the feather continues 9f^|^^ 
about. Is the feather specifically lighter 
&kn air? 

Father. No t lor if it were, it Would 
2cx/^nd till it found the air no heavier than 
itself J whereas, in a minute or two, yoii 
will see the feather on the floor as well as 
the gi^a: it is however 99 li^h^ ^ 
presents, so Is^ge ^ sprfiipe ^ Hhe fi^r, ip 
coinparison to its weight, that |t is cp|i|i|si^* 
la^y lonjger in C^tog tp the ga(>}^v4 ^^ 
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heavier ixxBesy such as a guiiiea. 
away the resisting aiediamy and tbey ^ 
bocb reach die bottom at once. 
Emnuu How will yoa do diat ? 31 

Father. Upon thb brass flap ^Inte T»l 
Iig. 3.) I place the guinea and die feadiei^ 
and having tumed up the fli^ and shut it 
into a small notch, I fix the whcde on a tall 
recdver, inth a piece ci wet leather be^ 
tween the receiver and brass. I will now 
exhaust the air from under the receiver* by- 
placing it over the air-pump, and if 1 tuns 
the wire/alitde, die flap will slip dinni, 
and guinea and feather will fell widi equal 
velocities : 



•In perfect void 



All substances with like velocity 

Descend; nor the soft down outstrips the gold. 

Charles. They are both at the bottom, 
but 1 did not see them bSL 

Father. "While 1 repeat the experiment, 
ybu must look sted&sdy to die bottom. 
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llcause the distance is too small for you to 
ClKce their motion; but by keeping your 
eye at the bottom you will see die feather 
and guinea arrive at the same instant* 

In this glass tube (Plate v. Fig. 4.) is 
some water, but the air is taken away, and 
&e glass completely dosed. Tmn it up 
quick, so that the water may fall on the 
other end* 

Emma^ It makes a npise like die stroke 
of a hainmer* ^ 

leather. And for that reason it is usually 
cdDed the-philosophical hammer. The noise 
» occasioned through the want of ^ to 
break the fall: for if I take another glass 
in all respects like it, but having air enclosed 
in it) as well as water^ you may timi it as 
ofteQ as you please with h^dly aiQr noises 

ma4 
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CONlHEIKAm XXy. 



Of t% ^drttodikiBiq^eilime^ 

CSARLBS. U by ipeai^ of the aa* 
pump yott cannot; perfec%: a^hau^ the air 
£rom 930^ vessel^ by irhat nuettns is it dofite- 

ibiker* Tim fi^ tube ia about 3^ ia* 
ehei longy and op«i at one end only. ISR 
it very accoiratdly with ^oksHver^ and 
placing my thumb over the open end, I in- 
vert the tube, and plunge it into a vessel of 
the same metal, taking care not to remove 
my thumb till the end of the tube b com- 
pletely immersed in quicksilver.*-Tou ob- 
serve the mercxuy js suspended in the tube 
Hi height, and above it there is a 
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p^fect vacuum; that is, the six or seven 
inches at the upper part of the tube the air 
is perfectly excluded. 

Emma. Could not the air get in nrheh 
you took away your thumb i 

Father. You saw that I did not remove 
my thumb till the open end of the txbt was 
wholly under the quiclLsilver, therefore no 
air coidd get into the tube without first de- 
scendiag through ^e quicksilver : now you 
know that a lighter fluid will not descend 
through one that is heavicTf aind conse^- 
quentty it b impossible that any air should 
be in'idie upper part of the tube. 

Ctori^. What makes the quiek^ver 
stwd at that particular height? . ja< , 

father. Before I ansMrer^^his^^jell me 
the reason why water canpot be raised by 
i&eans of a common puinp if the piston be 
bigher than about 52 or 33 feet? fipm the 
Water. 

Qharlesi Because the pressure of. th^ 
^Unosphere is eqi^al to the pressing of fk 
column of water so many feet m height.* 

^ ♦ See Conversation. XXI. 

Vol. n. T 
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Father. And the pressure of a colusnn 
of quicksilve twenty-nine or thirty inches 
long, a little more or less according to the 
variation of the air, is equal to the pressure 
of a column of water thirty-two or thirty- 
three feet high, and consequently equal to 
the pressure of the whole height df the at- 
mosphere. 

Emma. Is then the mercury in the tube 
kept suspended by the weigh| of the air 
pressing on that in the cup ? 

Father. It is. 

Emma. If you could take away the air 
from the cup, would the quicksilver descend 
in the tube f 

Father. If I had a receiver long enough 
to encloise the cup and tube, and were to 
place them on the air-pump, you would sec 
the effect that a single turn of the handle- 
would have on the mercury ; and, after a 
very few turns, the quicksilver in the tube 
would be nearly on a level with that in the 
cup. 
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J, can show you by means of this syringe^ 
that the suspension of the quicksilver in the 
tube is owing to nothing but the pressure of 
the ain 

Charles. What is the structure of the 
syringe? 

Father* If you understand in what man- 
ner a common water-sqiurt acts, you vnU 
be at no loss about the syrmge, which is 
made Uke it. 

Charles. By dipping the small end of 
a sqmrt in water, and tifting up the handle, 
a vacuum is made, and then tl^ pressure c^ 
the sur on the surface of the water forces it 
into the squirt. 

Fiaher. That is the proper exphmation* 
— Thb vessel d, (Plate v. Fig. 5.) contain- 
ing some quicksilver, and the smaB tube j^y, 
33 inches long, open at both ends, immers- 
ed in it, are placed under a large receiver 
A B, the brass plate c, put upon it with a 
piece of wet leather, admits the smaSQ tube 
to pass through it at h. I will now screw 
the syringe h on the tube g' f^ and by lift- 
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ing op Ae kandle i, a partial Tacuim k 
made in Ae tube; conseqoeotljr the preasuit 
of the air in the receircr upoo die ici uu y 
in the cup d fcMcea k np bta the fitde tube 
a» high as Xy jiist ia the same manner at 
watf r follows die fiston ia a common 
pump» 

Mmma* But is not this rise of Ae qmcfc-^ 
silver in the tube owing to^ the sactiaa of 
Ae syrii^g^r 

/^A^. To prove fo you* ifiat % is notv 
I place the whole apparatus over db ab«» 
pump, and eidiattst die air out of the recei^ 
V^r A B« Thia operadoA^ you must be sen* 
alblcf han Dot the smallest effect on the air 
in the syripge md little tube ; but y^m ne^ 
vertheless obsei^^, that the mereuiy haf 
again fallen into thf pup p ; and the syringe 
mightnow beworke4foirC'V?r withoutraising 
the mercury i^ the tube | b\x% ^dmit the air 
ii^ die recrlFert and iu acticm ^pon Ae 
ittWDice of the (}U|c)[sUver m the qip vill 
lorce U instandy iptp the tube. 

This is called tHi^ Tprric^an experi* 
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meat, in honour of Torriceili, a learned 
Italiaii, and disciple of GaBlo^, who inveni* 
e4 it, and who was the first person that 
discovered the pressure and weight of t^e 
air. 



T S 
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OONYEBSATION XXVZ. 



Of tl» I¥eMiire«f difrAir* 



CHARLES* It tee»8 very 8«rpria^ 
that the airt which is invisible^ should pro- 
duce such effects as you have described* 

Father* If you are not satisfied widi the 
evidence which yotu- eyes are capaUe of af« 
fording) you would perhaps have no objec- 
tion to the information which your feelings 
may convey to your mind* Place this littk 
glass A B, open at both ehds (Plate v. Fig* 
6«)9 over the hole of the pump plate, and 
lay your hand close upon the top b, while I 
Tidle of the pump a few tii^» 
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' Charles. It hurts me vtrf much : I caa-^ 
not take my hand away. 

Father* By letting in the air, I have re- 
leased you. The pain Was occasion^ hy 
tKe pressure of the air on the outride of 
your hand, that being taken away from un* 
der it, which served to countethalance &s 
weight. 

This is a larger glass of the same kind 
(Plate V. Fig. 7.) \ over the large end, I tic 
a piece of wet bladder v^ry tight, and will 
place it on the pump, and take the air from 
ifilidertt. 

Emma. Is it the weight of air that bends 
the bladder so much ? 

Father. Certainly : and if I turn the 
handle a few more times it will burst. 

Charks. It has made a report as loud as 
a fgoxk.- 

Father* A piece of thin flat glass may 
be broken in the same manner.--Rere is a 
l^ass bubble A, with a long neck (Plate v. 
Fig. S.)^ wluch I pnt into a cup of w^ter t^ 
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aod placedieaiuderarecaFcroBAepbie 
of the air«pump, aad by taming die Ittadfe^ 
tbe air is not only taken from the rccdivcr, 
bat diat in tbe boQov g^ass bodl viH make 
its way dm>agh the' water and escape. 

Em$nam Is it the air wUdi oocasions 
die bubbles at die surface of the water? 

Father. It is. Now the bobbfing is 
stopped, and therefore I know that as much 
of the air is taken away as can be got out 
by means of the pump, llie hollow ball is 
still empty ; but by turning the cock v of die 
pump (l^ig* !•) the air rushes into the re- 
ceiver and presses upon the water, diereby 
filling the ball with the fluid. 

Charlei* It is not quite fulL 

Father. That is because the air could 
not be perfectly exhausted, and the litde 
bubble of air at the top, is what, in its ex- 
panded state, filled the whole glass baB, 
and now by the pressure of the external air 
it is reduced into the size you see it. 

Another very simple experiment will con- 

-•• vou that suction has nothing to do 

-e experiments. On the leather of 
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^ iBr-puinp/ at a little distaiice from the 
hcijief, i place li^tly thia small receiver Xf 
and pour a spoonful or two of water round 
the edge of it (Plate v. Fig. 9.) I now co- 
ver it with a larger receiver a b, and exhaust 
the air. 

£mm0» 1 see by the bubbles round the 
eidge of the small receiver that the aif is 
making its way from under i^ 

father. I have pretty well exhausted all 
the air; can you move the large receiver? 

Charks. No : but by shaking the pump, 
I see the Etde one is loose. 

Fathfr. THie targe cme is rendered 1^* 
moveable by the pressure of the external 
w. But the air bd|^*taken from the inside 
ofbodi glasses, there is nothing to fasten 
down flie smaller receiver. 

&nma. But if suction had any thing to 
4o with this business, the little receiver 
Would be &9t, as ivell as the other. 

Father* Turp the cock v of the air-pump 
quickly. You h#ar the a}r rushing ii)i Witib 
violence. 
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Charles. And the large receiver i34oo6- 
ened again. 

Father* Take away the smaller one, 
£nuna« ^ 

Emma. I cannot move it with all my 
strength* 

Father. Nor could you lift it up if you 
were a hiSadred times stronger than you are. 
For by admitting the air very speedily into 
the large receiver, it pressed down the litdcl 
one before any air could get underneath It. 

Charles. Besides, I imagine you put Ae 
water round the edge of the glass to prevent 
the air from rushing between it and the 
leather. 

Father. You are right ; for air being the 
lighter fluid could not ascend through the 
layer of water in order to descend into the 
receiver. — Could suction produce the effecti 
in this experiment ? 

Charles. I think not ; because the little 
receiver was not fixed till after what might 
be thought suction had ceased to act. 

Father. Kight ; and to impress this fact| 
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strongly oh your mind^ I will repeat the 
eXfSierifiieiit. Tou observe that the air being 
taken from under both receivers, the large 
one must V be fixed by the pressure of the 
atmo^herei and the smaller one must be 
loose, because there is no pressure on- its 
oirtside to fasten it. . But by admitting the 
^r, the inner one becotnes fixed by the very 
means that the outer one is loosened* 

Emma* How will you get the small one 
away ? 

FathfTm As I cannot rahe it, I must 
^de it over the hole in the brass plate ; and 
now the air gets under it, there is not the 
smallest diffictdty. 
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CONVERSATION XXWI. 



Of the Pressure of the Aj|r. 

CHARLES* Although suction ^as no- 
thing to do in the experiments which you 
made yesterday, yet I think 1 can show 
you an instance in which it has. This ex- 
periment, if such it may be called, I have 
made a hundred times. I fasten a string 
in the centre of a round piece of leather, 
and having thoroughly soaked it in water, 
I press it on a fiat stone, and by pulling 
at the string the leather draws up the stone, 
although it be not more than two or three 
Inches in diameter, and the stone weigh*? 
"ids- Surelv this is suction. 
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\JP{M%tr. I diould say so too, if I could 
30t accotuit for it by die pressure of the 
atmoapbere. By pressing the wet leather 
oa the stone you displace the air, then 
kgr pulling the string a vacuum is left at the 
c^irtre, and the pressure of the air about 
die edges <^ the leather is so great, that 
it requires a greater power than the gravity 
li the stone to separate them* 

I hare seen you drink water from a spring 
'by oieaos of a hollow straw. 

Emma. Tes, that is another instance of 
what we have been accustomed to call sue- 
tioo. 

Father* But now you know, that in 
thie operation you made a syringe with the 
en&w and your lips, and by drawing in 
your breath you cause a vacuum in die 
h ellaw straw tube, and the pressure of the 
air on the water in the spring forces it up 
thjpough the straw into the mouth* 

Charles. 1 cannotf hpwever, help think- ' 
kig- that this looks like stfctioa, for the moK 

^ FOL. II. U 
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mcnt I cease the drawing in my breathy Aer 
water ceases to rise tn my mouth, 

Father. That is, when there is no lon- 
ger a vacuum in the straw, the pressure 
within is just equal to that without, and 
consequendy the water wiU rest at its natu- 
ral level. 

I wiU show you another striking mstance 
of the effects of the air's pressure. This 
instrument (PJate v. Fig. 10.) is called 
the transferrer. The screw c fits on to the 
plate of the air-pump, and by means of the 
stopcocks G and H, 1 can take away the 
air from both, or either of the receivers i,. 
K, at pleasurei 

Emma. Is there a channel then runmng 

from c through D a Bf and thence passing 

to x^ and yf 

'" " Father. There is. I will screw tk 

whole on the air-pump, and turn the codt 

0> ao that there is now ho communicatioD 

fron^ c to the internal part of the re- 

Oliver i> At present you^ observe ijurt 
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both the receivers are perfectljr free* By 
taming the handle of the pump a few 
times the air is taken away from die re- 
ceiver Kj and to prevent its r^-entrance I 
tium the 8top*<ock d» Try if you can 
move ft. . 

Charles. I . cannot : but the other is 
loose. ' 

Father* The pressure of the atmo- 
sphere is evidently the same on the two 
receivers $ but with regard to the glass x, 
the pressure within is equal to that without, 
and the glass is free* in the other, the 
pressure from within is taken awayt and 
the glass is fixed* In this stage of the ex- 
periment you are satisfied that there is a 
vacuum in the receiver k* By turning the 
cock G, I open a communication between 
the two receivers, and you hear the aii* 
that was in i rush through the channel a 
• B into K, Now try to move the glasses. 
Emma. They are both fixed : how is 
this? . 
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FaHker. The m that wa^ endt^sed m 
die glast I is equally diffused bdtween die 
tw<s coQsequendy the interaal pressure of 
nrither is equal to die external, and there* 
lore they are both fixed by the excess o£ 
the external pressure over the intejraal* Id 
this case it could not be suction that fiai;ed 
the glass i, for it was free long after what 
might have been thought suction had ceased 
to act* 

Charles. What are diese brass cups? 
(Platev.Fig.il.) 

I^fOker* They are called die hemisphe* 
rkal cups ; I wiU bring the two, b, a, to^ 
gether, with a wet leather between them, 
and then screw them by d to the plate of 
the air-pump: and having exhausted the 
air from the inside, 1 turn the stop-cock 
£, take them from the pump, and screw 
on the haiidle T. See if you two can aepa- 
rmce ihem^ 

Emma. We cannot stir them. - 

Fmher. If the diameter of diese cupS 
fb^^chc^s, the pressure to be over« 
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iMtne would be equal to 1801b. I will 
now hang them up in the receiver (JPlate 
V. Fig. i%) and exhaust the air out of it, 
wad you see they separate without the ap- 
plication of any force. 

Charles, 'Siow there is no pressure on the 
outside^ and therefore the lower cup falls 
off by its dwti gravity. 

leather. With this steel-ylard (Hate vi. 
Kg. 13*) you may try very accurately to 
what weight the pressure of the atitiosphere 
against the cups is equal.* 

Emma* For when the weight w is carried 
for enbngh to overcome pressure of the 
cups, it lifts up the top one. 

Father. I have exhausted the air of this 
receiver h, (Plate vi.Fig. 14.) consequently 
it is fixed down to the brass plate i ; to the 
plate is jbmed a smiA tube with a stop- 



The principle of the steel-yard is Texplaincd, Vol. 1. 
afBlectouc8#ConyerBation XV. 
V 2 
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cock X / by placing the lower end of the tuM 
in a bason of water, and turning the cock, 
die pressure of the atmosphere On the water 
in the bason forces it through the tqbe is 
the form of a fountain. This is called tti<$ 
fountain in vacuo^ '^ 

To this little square bottle ▲ (Plate vi« 
Fig. 15.) is cemented a screw. valve, bjr 
which I am $x it on the plate of the air- 
pump, and exhaust its air : and you wiS 
see that when thei:e b no power within to 
support the prei»ure of the atmosphere 
from without} it will be broken into a thou- 
sand pieces* 

Charles. Why did you not use a round 
phial ? 

Father. Because one of that shapf would 
have sustained th^ pressure like an arch. 

Emma. Is that the reason why the glass 
receivers are able to bear such a weight 
without breaking ? 

Father. It is. If mercmy be poured 
into a wooden cup c, made, of urilkfW^ 
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wliicli is a very porous kind of wood^ 
^Plate VI. Fig. 16.) and the sur taken from 
under it, the mercury will, by die weig^ 
of the external air, be forced through the 
pores of the woody and descend like a 
^)owerof ||^. 
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CONVERSATION XXVUt 



Of the Weight of Air 

EMMA* We have seen 4c surprisinl^ 
effects of the air's pressure* are there any 
means of obtaining the 'exact weight of air ? 

Father. If you do not require any very 
giTat nicety, the method is very simple. 

This Florence flasW (Plate vi. Fig. ir.) 
is fitted up with a screw, and a fine oited 
silk valve at D« I will now screw the flask 
on the plate of the air-pump^ and exhaust 
the air* You see, in its present exhausted 
state, it weighs 3 ounces and-5 grains* 

Charles^ Cannot the air get through thcj 
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^ imber^ 15ie sSk, being varnished witfi 
a kind of oily sid^stance, is impenetrable to 
anr; and, being exl^msted, the pressure uip* 
on thfe outside effectually prevents the en- 
trance of the air by the edge of the Vilfc; 
but if I lift it up by means of this sewing* 
'Medle, yon will hear the air rush b. - 

Emma. Is ihat hissing fiR»se Qccasione^d 
^y the re-ejatr^^e pf ^ air i 
. Watker. It is ; and when that ceases^ you 
may be sur^ thekir within the bottle is of 
!die aafl^ disnsHy as^ diat without. 
*»" fStarkik If I weigh it again, the differ- 
^ed^e between the weight now, add when 
you tried it before, is the weight of the 
i|t»ntity,of air contamed in the bottle; — ^it 
weighs ve^ accurately 3 ounces 1^^ grains, 
coBsequendy the air weighs 14^ grains. 
. Father* And the flask holds a quart, wine- 
measure. 

Emmap Does a quart of air always weigh 
24| grains? 

Father. The weight of the jur is, perpe- 
tually changing; therefore though a qu^t 
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of it weighs to-day 14| ffVDBf Ae 
quttitity may, in a few boors, w^^ i4( 
grains, or perhaps only 14 grains, or mete 
or less* The air is much heavier tfiis mor- 
ning than it was at the same time ye^HK^' 
day. 

Charles* How do jroCi know that; £d 
you weigh some yesterday 7 

Bather* No : but the rising and £dfing 
of the quicksilver in the barometer, an in* 
strument which I shall hereafter very par- 
ticularly describe, are sure guides by which 
the real weight of the air is estimated ; and 
it stands full three*tenths of an inch higher 
now than it did yesterday. 

Emma* Will you explain how we may 
judge of the different weights of the air by 
the barometer ? 

Father* This subject might, perhaps, be 
better discussed when we come to treat ex- 
plicitly on that instrument ; but I will now 
answer your inquiry, although I should be 
in some danger of a repetition on a future 
dny. 
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TThe mercury in a well-made barometer 
will sdways subside till the weight of the 
colunm be axactly equivalent to the weight 
of the external air upon the surface of the 
mercury in the bason^ consequently the 
height of the mercury is a sure criterion by 
which that weight is to be estimated.— -Sup- 
pose, for example/ the barometer stands at 
294 inches, or, as it is usually expressed, at 
29.59 and I find a quart of air at that time 
weighs 14} grains. Here then is a standard 
by which I may ever after compare the 
gravity of the atmosphere. If to-morrow 
I find the quicksilver has fallen to 39.3, I 
shall know the air is not so heavy as it was ; 
because, in this case, a colunm of quicksil- 
ver, 29.3 inches, balances the whole weight; 
"whereas it required before, a column equal 
to 29.5. If, on the contrary, when I look 
again, the mercury has risen to 30.6, as it 
really stands at this hour, Sept. 29, 1805, 
\ am sare the atmosphere is considerably 
heavier than it was before, and that a quart 
of it win weigh much more than 14| grains. 
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C/mrk9^ Touiattmated tlmt in weigfaiiq; 
air the fiask could BOt be depended upcm tf 
great nicetf were requufed ; what is the rea- 
son of that? 

Father. I told you, when expUoning the 
operations of the air-pani|>f diat it was im* 
possible to obtain, by means of that instni- 
rnent, a perfect vacuum. The want of ac- 
curacy in ike flask expertmaat depends on 
the small quality of ait that is left in the 
v^sel after the exhaustion 4s carried as far 
as it will go ; this, hbwever, if the pump be 
good, will, after 12 turns of the handle, be 
less than the 40(X)th part of the whole 
quantity. 

Emma. How do you know this ? 

Father.. You seem unwilling to take any 
thing upon my word ; and in subjects of 
this kind you do right, never to rest satisfi- 
ed without a reason for what is asserted. 

1 suppose, then, each of the barrels of the 

air-pump is equal in capacity to the flask; 

that lit each will contain a quart ; then it is 

' '^t, by turmng the handle of the 
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pumpy I exhaust sA the air of ant hsarrth 
and the air in the flask bi»:omes at the same 
time eqimUy diffosed between the barrel 
and flask ; that is^ the quart is now divided 
into two equal parts, one of which is in the 
flask, and the other in the barrel. By the 
ssime reason, at the next turn of the handle, 
the pint in the flask will be reduced to hidf 
a pint; and so it will go <m decreasing, hy 
takic^ aw:ay, ^ every turn, pne half of t^ 
quamity that wi^ left in by the last turn* 

Chttrks* , Do you mean then, that after 
the. &rst turn of the handle, the air in ^ 
^^MHtie is twice as rare as it was at first ; and 
after the second, third, and fourth turns, it 
19 £bur dmes, eight times, ai^d siiEtQen timea 
as rare as it was when you began i 

Father. That is what 1 meant ; carry 
on your multiplication, and you will find 
diiat after the twelfth turn it is 4096 times 
more r^e than it was at first. 

Emma* I now understand that, though 
absoUite exactness be not attainable, yet, in 
wdij^iing this quart of air, the error is only 

Vol* II. X 
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equal to the 4096th part of the 
which quantity may, in reasoning tin 
subject, be overlooked. 

Father. I will exhaust the flask again i 
its air, and putting the neck of it under war 1 
ter, I will lift up the silk valvef and fill, it 
with water* Now dry the outside veqr 
thoroughly, and weigh it. 

Charles* It weighs 27 ounces. 

leather. Subtract the weight of the flask* 
and reduce the remainder into grains, and 
divide by 14i, and you will obtain the spe*" 
cific gravity of water compared with that <tf 
the air. 

Charles. I have done it, and the water is 
something more than 800 times heavier 
than air. 

Father. Since, then, the specific gravity 
pf water is always put at 1, that of air must 
^ ^ Tihr^h, at least according to this calcu- 
lation ; but following the more accurate ex- 
periments of Mr. Cavendish and others, 
whose authority may be safely appealed to, 
the specific gravity of air is 800 times less 
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that of water, when the barometer 
[ids as high as 30 inches. 
I Can you tell me whsit the air in this 
[>m weighs i the length of the room is 2^ 
tu the height 10|, and the width 12^ i 
£mma. I multiply these three numbers 
Igetfaer, and the smswer is 3281.25 ; or the 
contains a little more than 3281 cubic 
^et : now a cubic foot of water weighs 1000 
ttnces, therifefore the weight of the room- 
of water would be 3,281,000 ounces; 
but air being 800 times lighter than water, 
the air in die room will weigh 3,281,000 
4. 800 as 4101 ounces =: 256lb. 5oz. It 
seems however surprising that the air, 
which U invisible, should weigh so much. 
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CONVERSATION XXK. 



Of tli« Elasticity of AiiV 

TATHMR* I have told you that air is 
an elastic fluid. Now it is the natqre of 
all elastic bodies to yield to pressure, and 
to enfkavour to regain their former figure 
as soon as the pressure is taken off* In 
IMTojecting an aittiw from yomr bow, yoti 
exert your strength to bring the two ends 
of the bow nearer together) but die mo* 
ment you let |;o the string, it recovers its 
former shap^ : the power by which this is 
eflect^ is cdlkd tka^ty. 

£fnmcu Is it not by this power that In- 
dia-rubber, after it has been stre^hcd, re* 
covers its nsMid sis^e and form I 
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leather. It is : and almost every thing 
that you make use of possesses this property 
in a greater or less degree : balls : marbles, 
the chords of musical instruments, are all 
elastic. 

Charles. 1 understand how all these 
things are elastic : but do not see in what 
manner you can prove the elasticity of the 
air.* 

father. Here is a bladder, which we 
will fill with air, and tie up its mouth, to 
prevent its escaping again. If you now 
press upon it witfi your hand, its figure will 
be changed ; but the moment the pressure 
is removed, it recovers its round shape* 

Emma. And if I throw it on the ground 
or against any other obstacle it rebounds^ 
like a ball or marble. 

Fathers You are satisfied also^ I pre- 
sume, that it is the air which is Utit cause 
of it, said not the bladder that contains it. * 



♦ See Vol. 1. Of Meehanics, CkmYcrsation Xtt' 
x2 
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Let OS have reccnirse to the air-pumpte 
exhibit some df the more striking efib^ 
of the air's elastici^* I will let a part of 
the air out of the bladder, and tie op 'm 
mouth again. The pressure of the ezteraal 
air renders it flaccid smd you nsay make 
what impression you please upon it, with- 
out its endeavouring to re-assume its former 
figure* 

Mmma. What proof is there that this is 
owing to the external pressure of the w** 

Father, Such as wiU satisfy you bothf 
I am sure* Race it under the receiver of 
the air-pump, exhaust the air, and see the 
consequences* 

Charles. It begins to swell out;— 4Uid 
now it is as large as when it was blown out 
full of air* 

Fathen The outward pressure being in 
part removed, the particles of air, by their 
* elasticity, distend> and fill up the bladder; 
and if it were much larger, and the ex- 
haustion were carried farther, the same 
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BfoaB quaati^ of air would fill H com* 
fiieteljr. I will now let llie air in again* 

Emma* This exhibits a very striking 
ppoof of the power and pressure of die ex* 
ttnsX air, for the bladder is as flaccid as it 
was before. ^ 

Father. I p<|t the same bladder inCb 
tSiis square box without any akeratSon^ anfl 
place upon it a moveable lid^ upon which 
I f>ut this weight* By brining the whole 
under a receiver, and exhausting tlie exte^ 
taik air, the elasticity of that in the biad^ . 
der will lift up the lid and weight together. 

Charles* If you pump much more, the 
weight will fall against the side of the glass*. 

Father* I do not mean to risk that:-.- 
It is enough that you see a few grains, not 
half a dozen of air, will, by their elastici* 
ty, raise and sustain a weight of several 
pounds. 

Take this glass bubble : (Plate v. Fig* 
8.) the bore of the tube is too small for 
the water to run out; but if I place it un-. 
der the receiver of the air-pump« and take 
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away the external air, the little quantity of ^ 
air which is at the top of the glass, wiM, 
by its elastic force, expand itself and drivfc 
Out alt the water. 

• Emma. This experiment shows, that a 
very small quantity of air is capable of 
filling a large space, provided the ext^nal 
pressure is taken off. 

Father. Certainly: I will take off the 
bladder from this glass. (See Plate iii* 
Fig. t9*) llie little images all swim at 
tile top, the air contained in them rendering 
them rather lighter than the water, lie 
little leaden weights to their feet, these putt 
them down to the bottom of the vessel : t 
now place the glass under the receiver of 
the air-pump, and by exhausting the air 
from the vessel, that which is within the 
images, by its elasticity, expands itself^ 
forces out more water, and you see they 
are ascending to the top, dragging the 
weights after them. I will let in the air, 
and the pressure forces the water into the 
imasres again, and they descend. ^ i 
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Bere is an apple very much shrivdled^ 
which^ when placed under the receiver^ 
and the external air ^ken away, will iqppeur 
as plump as if it were newly gathered from 
the tree. 

JSmma* Indeed it now looks so invit* 
ing^ that I am ready to wbh it was my 
own. 

Father. Before, however, you can get 
it) ail its beau^ will fade. I will admit 
the air again. 

Charles. It is as shrivelled as ever. Do 
s^ples contain air ? 

Father. Yes, a gres^ deal; and so, in 
fact, do almost all bodies that are specie 
fically lighter than water, as well as manjr 
that are not so. It was the elastic power of 
the air within the a]^le, that forced out aU 
the shrivelled parts when the eactemal pres« 
^ure was taken away* 

Here is a small glass of warm ale, from 
which I am going to take away the air. 

.Emma. It seems to boil now you exhaust 
the air from the receiven 
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Father* The bubbling is caused by ^be- 
air endeavouring to escape from the Itquor* 
Let die air in again, and then taste the 
beer. 

Charles. It is flat and dead. 

Father. You see of what import^ice 
air is to give to all our liquors their plea- 
sant and brisk flavour^ for the same wiH 
Happen to wine and all other fermented 
fluids. 

Emma* How is it that the air, when 
it was re-admitted, did not penetrate the 
ale again i 

Father* It could not insinuate itself 
into the pores of the beer, because it is the 
fighter body, and therefore will not descend 
through the heavier. Besides, it does not 
follow that it is the same sort of air, which 
I admitted into the receiver, that was taken 
from the ale. 

Fmma* Are there more kinds of air 
than one ? 

Father. Yes, very many ; as we shall 
you in our Conversations on Che* 
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T^JKtry** That which I took from the 
beer, and which -gives it the brisk and 
lively taste, is called fixed air, or carbonic 
acid gas, of which there is, in general, 
but a ver}' smair quantity in the atmo* 
sphere* 

* The elasticity, or spring of air, contained 
inour&esh, was clearly shown by the expe^^ 
riment; when I pumped the air from under 
your hand, 

Charles* Was that the cause of its swell- 
ing downward ? 

Father* It was : suid it will account (ot 
die pain you felt, which was greater, and of 
a very different kind, than, what you would 
have experienced by a dead weight being 
laid on the back of your hand, ec^al to the 
pressure of the air* 

Cupping b an operation performed on 
this principle: the operator tells you:^e 
draws up' the flesh; but if he were to speak 



See Dialo^es in Chemistry* Vol. I, 
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correcdjr, he would .say, he took away dfe 
extenul sur from off the part <^ the body, 
and dien die ebsdc force c^ the air withm 
extends, and swells out the flesh ready tat 
his lancets. 

Emma, When I saw you cupped, he did 
not use an air-pump, but little glasses^ to 
raise the flesh. 

Father* Glasses closed at top wre now 
generally made use of^ in which the ope- 
rator holds the flame of a lamp: by the 
beat of tlus the elasticity of the air in die 
^^s is increased, and thereby a great part 
of it driven oat* In this state the g^ass 
ill put on the part to be cupped, and as 
the inward air cools, it contracts, and the 
glass 9idhSrtB to the flesh by the difference 
of the pressures of the internal and exter- 
nal air^ 

By some persons, however, the syringe 
is considered as the most effectual method 
ot performing the operation, because by I 
flame the air cannot be rarified more than 
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oKie half; whereas by the syringe a JTeW, 
8^x>kes will nearly exhaust it. 

^^Bere is ^iioth^r little, squarie>:bottleliIc!B,. 
th^t before mei|tioned> (P|^e yu Fig. 15.). 
only ^t it is full of air, and the moudi, 
sealed so closely that none of it can escape* 
I enclose it witlun the wite cage b, and in 
0U8 state bring them under die receiver, 
and exhaust the external air. 

Charles* With what a loud report it has 
burst! 

Father. Tou can easily conceive now in 
what manner this invisible fluid end€^ 
yours contini^y, by its elastic force^ to 
dilate itself. 

Emma. Why did you place the wire cage 
over the bottle? 

Father* To prevent the pieces of the 
bottle from breaking the receiver, an acci- 
dent that would be liable to happen witl|* 
out this precaution. 

Take a new laid egg and make a small 
hole in the litde end of it, then, with that 
end downwards, place it in an ale-glass u^ 
Vol.. n. Y 
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der the receiver, and exhaust At m; tlitf 
frhole contents of the egg will be forced 
out into the glass, by the elastic spring of 
the small bubble of mr which is alwtiys 
15 be fe\ind in th^ lai|^ end of a new-laid 
tJX* '■ ' ' ' 
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^ compre^ibiUtjr of abr, whvchit 19 prp|^er 
to describe heire, it being^a coi^^q^ence pf 
Hs ela9tiGity : for whatever is elastio, is c^- 
pifble of beiQg forced into a smailer spac^. 
In this respect air differs very np^at^ri^l^ 
from other fliiids. 

Ckatles. You told u«V fhajt.MraWr iras 
(ompressibte iti a very s^aU di^^ee. . ; 

iVi^Afr. I did sd ; but the «<ini]H;«9smn 
wMch can be effected with i th^ greaiiest 
pow^fi is so very sm^y thi^ ^tbout., ihe 
{Idlest attentiM and nicety in condoctiiig 
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^ experimeiils, k vould never have been 
dinoveied. Air, however, is capable of be- 
ing compiessed into a very small space 
compared widi wfaalit naturaOy possesses. 
jEmmw llie experiment yoa inade, by 
phmgbg an ale-g^ass widi its mouth down- 
wardsf clearly proved that the air wluch it 
contained was capdUe of being reduced into 
a smaOar space. 

FMher. Tlus bended td)e A B c (Pbiite 
^n. F^. 18.) is closed at a and open at c. 
Itisin die onnmon state, fofl of ur* I first 

'pour into it a litde quiek^lver just suffictrat 
to cover die bottom a &.* no w die air in eadi 
leg is of die same density, and, as tliat con* 
tuned in A 1 cannot escape, because die 

' lic^r flcud wQlbc^ ahrays uppermost, when 
I pour more quicksilver in at c, its weight 
will condense the air in the leg a B ; for the 
air which ffled the whole length of the leg is, 
by the weight of die qiudrsitver in € B, 
prased into the smallest space A Xy which 
spae^ Willi be diminished as the wrfght is 
tncrtasMsaodiat by increasing die len^ 
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^tiie column t^mireury h^ € 'B, tlie atr ia 
ike other leg wSIbe mote and mcHPe bondeiA* 
td. Hente #e learn that the etaa^c spring 
ef air is aiwajra, abd under all circidiiataiwta, 
equal to ^e force which compresses itw 

Charles^ How is that proved! ? 

Father. If the spring with which tlie 
mir endeavours to expand itself when it is 
compressed, were less than the compressing 
force, it must yield still farther to that force; 
^ that is, if the spring of the air in a ;r were 
less than equal to the weight of the mercury 
in the other leg, it would be forced into a 
yet smaller space ; but if the spring were 
greater than the weight pressing upon it, it 
wovld not have yielded so much; fnr yoa 
are wed aware that a^on and redaction are 
equal, and act in opposite directions. 

You i^an now easily understand why the 
plover regions of the atmo^here are mole 
dense than those higher* 

£mmu* Because they sure pfeskd upon 
by sA the air that is above them, and ther^* 
fore condensed into a i^aa^er space* 
Yd 
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Alitr. Coosequaidy the air gmn^gnd* 
ittUy tlmmer, tiU at a cpnsidenyUe height 
it majr be eonceived to degenerate to notli* 
lag. The diflSerent densities of the w may 
be illuatratdd by conceiving twenty or thirty 
equal packs of wool placed one upon ano* 
ther : the lowest will be fprced into a less 
apace, that is, its parts will be brou{^ 
Hearer together^ and it will be more dense, 
than the next ; and diat will be more dense 
tlian the thiid from the bottom, and so on 
till you come to the uppermost, wluch sus- 
tains no other pressure than that occasioned 
by the weight of the incumbent air* 

Left us now see die effects of condensed 
air, by means of an artificial fountain. This 
vessel is made erf strong copper (Pl^te vi. 
Fig. 19.), and about half full of wateiw 
•With a ^inge that screws to the pipe a b 
I force a considerable quantity of air into 
die vessel, so that it is very much conden- 
sed. By tumbg tte stop-cock .b while I 
take off the syringe, no water can escape : 
and instead of the syringe I putt on a jet» or 
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very smsill tube, after which the atbp^cock 
is turned, ^d the pressure of the coudeused 
air forces the water through the tube tq a 
very great height. 

Charles. Do you know how high it as- 
cends ? 

father. Not exactly 1 but as the natural 
pressure of thif ^ will raise water 33 feet, 
so if by condepsation its pressure^ b^ tripled, 
it will rise 66 feet. 

Emma* Why trifrfed ? Ought it not 
lise to this height by a double pressure ? 

Father* ¥ou forget that there is the com- 
n>on pi?e88ure always acting agaittst, and 
l^eventing the ascent of the water, therefore 
•>^ides a force within to balance thatwit^i- 
out, there must be a double pressure* 

Chariea* You describe a syringe to be 
likft a common water-squirtf how are you 
able l^*^ an instrument of this kjnd to force 
w^ so {preat a (juai^ti^ p/ air ? will it not re- 
^*un by the same way it is forced in ? 
Father* Tbxi ocly difference between a 
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condensing syrbge and a squirt is, ^at, in 
the former^ there is a vatve that opens down- 
wards, by which air may be forced through 
it, but the instant that the downward pres* 
sure ceases, the valve, by means of a strong 
spring, shuts of itself, so that none can re* 
turn. 

Emrricu WiH not air esicape back, during 
the time you arc forcing in more of the ex- 
ternal air? 

J^ther. That wc^ld be the easfe if the 
syringe pipe went na lewer than that pairt 
ef^ the vessel which cousins th<^ air, but it 
reaches to a considerable depth in;tb^ water, 
and as it cantiot find its^ way b$u:k up the 
pipe, it must ascend through the water, and 
cause thait pressure upon it whkh has be^n 
vdeacribed« 

Chartes* To what e;i^ent am air be com« 
pressed? 

Fathir* 1^ the apparatus be strong enough, 
and a sufiieient powfur applt^« it may* be 
ccmdeni^d seyeraJ thousand t^es ; that is^ a 
vessel which will contain a ^ori of air in its 
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natural state may be made to ccmtain several 
^ttbusand gallons. 

*]rB]r means of a fountsun of this kind, 

JflDong people, like yourselves, may receive 

xbnth entertainment with only a few addi* 

tiomd jets, which are made to screw on 

and off. One kind is so formed that it will 

tiirow up and susladn on the stream a fitde 

^oA bdl, scattering the in^ater aO round* 

Jknonhtt is made in the form (rf* a globe, 

fierced with a great number of hbles, all 

tending to the centre, exhibiting a very 

pleasing sphere of water. One is contrived 

to show, in a neat manner, the composition 

and resolution of forces explained in our 

first v<dume.* Some will form cascades ; 

and by others you may, when the sun 

shines at a certaun height in the heavens, 

exhibit artificial rainbows.t 

We will now force in a fresh supply of 
air, and try some of these jets. 



* See Vol I. Of MecbaniGs. Conversation XIIL 
f Thit i^ioiomenoa » described and expUdned 
Conversation XVIIL 
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Etnma* I olMerrcd io tlie up t i^j jh l j^ j 
diat cbe heig^ to wUcfa die water «^ 
thrown was coa&uialfy dimwwhmgw 

Father* TbemsoDtsdu; dntin pio- 
portionas the qoaiiti^ of water mdie Cwbp 
tain 18 ksfened, die air bas flaore racin t» 
expand^ the conyreariDii is diininiahcd» aod 
^;9Qse(pwntty^.l^ y lc asm e becooiea Je^^ tiK 
at length it is no greater wkhjn than i# is 
without, and theft di^ feq«laiti aeifMS afoo* 
tedi^* 
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CONVERSATIOir XXXI. 



'Miscellaneous Experiments on tbe Air^Punip. 

FATHER. I 8hdl, to-day, exfiibit a 
few experiments, without any regard to the 
particular subjects under which they might 
be arranged* 

In this jar of water I plunge some pie- 
ces of iron, zinc, stone, &c. and you will 
tee that when I exhaust the external air, 
by bringing the jar under the receiver of 
the air-pump, the elastic spring of air con- 
tained in the pores of these solid substan* 
ces will force them out in tL multitude of 
{I(Aule8, and exhibit a very pleasing spec* 
tadef like the pearly dew-drops on 
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blades of grass ; but when I admit the ai^ 
they suddenly disappear. 

Emma* This proves what you told us a 
day or two ago, that substances in general 
contain a great deal of air. 

'Father. Instead of bodies of this kind» 
I will plunge in so^le vege^table substances, 
a piece or two of the stem of beet-root, 
angelica, &c, and now observe, when I 
have exhausted Ae receiver, what a quan- 
tity of air is forced out of the little ves- 
sels of these plants by means of its elafi* 
ticity. 

Charka. Fr^n this experiment we tnxg 
conclude that air makes no small part of dl 
vegetable substances. 

Father* To this piece of cork, which 

of itself would swim on the surface of wa* 

ter, I have tied some lead, just enough to 

jB^a ke it sink. But by taking off the exter- 

mBq pressure^ the cork will bring the lead 

up to the surface. 

^Ethma^ Is^that because when the pres- 
sure b taken off; the substance of t^e cork 
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expands, and becomes specifically lighter 
than it was before ? 

Father* It is : this experiment is varied 
bfttsin^ a bladder, in which is tied up a 
very small quantity of air^ and sunk in wa- 
tear ; for when the external pressure is 
removed, the spring of air within the blad* 
der will expand it, make it specifically 
lighter than water, and bring it to the sur- 
face. 

The next experiment shows that the as- 
cent of smoke and vapours depends on the 
air. I. will blow out this candle^ and put 
k under the receiver ; the smoke now 
rises to the top, but as soon as the air 
is exhausted to a certain degree, the 
8m<Ae desceiids, like all other heavy bo^ 
dies. 

Chdrleg* Do smoke and vapours rbe 
because they are^lightef than the siu-roohd- 
iagair? 

^Father* That is the reason : sometimes 
you see smoke from a chkaney rise very 
perpendicularly ia a long columis; the air 
Voi** II. Z 
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theaitvcrj heavy: at other ttnes you i 
see it descend^ which is a proof that the 
ckosi^ of the atmosphere is very mash 
difliioisbed9 and is^ in bctj less than that 
of the smoke. And at all times th^ siaoke 
can ascend no higher thip w^iere it «ieel» 
with air of a density eqosd to ttsdi&/aDd 
there it will spead about like » cloud* 

This figure (Plate vi. Fig. 90.) is «isoa%* 
called the lungs^glass : a bladder is tied 
close about the litde jnpe a, which is screw- 
ed into the bottle a« 1 introduce it imder 
the receiver a, b, and begin to exhaust the 
air of the receiver, and that in- the Uadder* 
communicating with it, wijl also be with^ 
drawn i the elastic force ci the air in thcr 
bottle A will now press th^ bladder to the 
shrivdled state represented in the figure t 
L will admit the air, which' expands the 
bladder; and thus by alternately exhaust- 
ing and re-admitting the air^ I show the 
action of the limgs in breatiung. But per- 
haps the foUowing experiment ,wiH give a- 
better idea of the sut^ct (Plate ti. Figs;- 
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fS^^ted^*) A ftiqiRseots the lungs, b ibe 
windpipe leading to thenif which irdoaety 
^ed in ihe^eck pf ^ boil$l^ fypm:wliich 
1^ 9k c^^ixqt esc^^pe: is a bladder ti^d 
IP thfj ^9tjtC|#, a^d in^iW diat^ded ^taltc 
(Fig. 21.) Tir^lij w)!^ the Wt^iwl ^vity pf 
tfie bottlef represent the cavity of i^ bpdy 
which surrounds the lui|gs fat thcf mpficnt 
yoa have taken ii^ breath : I fprce i^p 9 (as 
Vi Fig.j22.) and qow the Madder is shri* 
veiled ky the pressure of the external air 
m ti^ bottle, a^d represents the liuigs ju^ 
i^ t^e moQiei^t of expiration. . / 

Mmmcu Do€^ Fi^. 21. show ^ state 
of tihe lungs after I have drawn ixr 097 
breath, and Fig. 22. when I h^ve thrown 
it out forcibly ? 

Father, That is what the figures are in* 
tended to represent, and they are well 
adapted to show the elevation and com* 
pression of the lungs, although I do not 
mean to assert, that the action of the lungs 
in breathing depends upon air in the same 
manxver as that in die bladder does upon 
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iiht air w}dch is coittuiied in the ctyity of 
the bottle. 

I have exactly balanced on ihis scale* 
beam a piece of lead and a piece of cork : 
in this state I will introduce diem under the 
receivei*, and exhaust th^ ur« 

Charks. The co^k now seems to be hea« 
vier than the lead. 

Father* In air each body lost a vreigfal 
proportional to its bulk^ but when the air 
is taken away, the weight lost wiU be rea^ 
tored : but as the lead lost least, it will now 
retrieve the least, consequendy the cork wilt 
preponderate with the difference of the 
weights restored by taking away the air. 

Thus you see that in vacuo^ a pound of 
corky or feathers^ would be heavier than a 
found of lead* 
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CONVERSATION XXXII. 



Of the Air-Gun, and Sound. / 

FATHER. The air-gun is an inatni- 
ment;, the eifects of which depend on the 
elastijpity and compression of air. 

Emma* Is it used for the same purposes 
^s common guns ? 

Father. Air-guns will ans^r aH the put* 
poses of a musket or fowUng^piece : bullets 
discharged from them will kill aniouds at 
the distance of 50 or 60 yards* They 
make no report, apd on account of the great 
mJ^chieC they are capable of doing, without 
much chance of discovery, they are deemed 
^2 
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Illegal, and are, or ought to'bef found x» 
where but among the apparatus of the a* 
perimental philosopher. 

Charks. Can you show us the construc- 
tion of an air-gun i 

* Father. It was formerly a very com[dex 
machine, but now die constpiaion of irir* 
guns is very simple; this (Plate vi. Fig, 23.) 
is one of the most approved. 

Emma. In appear^ce it b very much 
Uke a common musket, with the addition of 
a round ball c. 

Father. That ball is hollow, and contaons 
the condensed air, into which it is forced by 
means of a syringe, and then screwed to the 
barrel of the gun. 

Charkf* Is there fixed to the ball a valve 
opening inwards ? 

Father. There is : and when the leaden 
bullet is rammed down, the trigger is pulled 
back, which forces down the hook b upon 
the pin cotmected with the valve, and liber- 
ates a portion of the 6ondit[nscd air; this 
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rushing through a hole iu the lock mto the 
barrdf will hiipel the bullet to a great dis- 



£fnm€u Does not all tht air escape at 
OBce i 

Father.- No : if the gun be well made^ 
die copper ball will contain enough for 15 
or 20 separate charges : so that one of these 
b capable of doing much more execution 
m a g^ven time than a common fowling- 
piece. 

Charles* Docs not the strength of the 
charges diminish each time i 

Father. Certainly ; because the conden- 
sation becomes less upon the loss of every 
portion of air ; so that after a/ew discharges 
the bullet will be projected only a short dis- 
tance. To remedy this inconvenience, you 
might carry a square ball or two ready filled 
witii condensed air in your pockety to screw 
on when the otiier was neariy eidiausted. 
Formerly this kind of instrument was at- 
tached to gentlemen's walking sticks* 
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Charles. I should like lo have one o( 
them. 

Father. I dare say you would : hut ]^ou 
must not be trusted with instruments capa- 
ble of doing much mischief, till it is quite 
certain that your reason will restrain you 
from actions that might annoy other pel*- 
sons. 

A still more formidable instrument is 
called the magazine wind-gun. In this 
there is a magazuie of bullets as well as aoq^ 
ther of air, and when it is properly charged^ 
the bullets may be projected on<r after ano- 
ther as fast as the gun can be cocked, and 
Ae pan opened. The syringe in these b 
fixed to the but of the gun, by which it is 
easily charged, and may be kept in that 
state for a great while* 

Emma^ Does air never lose its elastic 
>ower? 

Fnxther. It would be too much to assert 

• tfiat it never will: but experiments have 

been tried upon different porticms of h, 

which have been found a$ ekatie as ever af- 
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ter the lapse of many, months, and even 
yemnm 

C/iarks. What is this bell for i 
father* I took it oat to show you that 
air is the medium by which, in general, 
toimd is communicated* I will place it un- 
der the' receiver of the air-pump, and ex* 
Kaust the air. Now observe the clapper of 
die bdj wlule I shake the apparatus. 

£nifna. I see clearly that the clapper 
strikes the side of the bell, but 1 do not hear 
Ae least noise. 

Father* Turn tiiie cock and admit the 
air ; now you hear the sound plain enough : 
—and if I use the syringe and a diiferent 
kind of glass, so as to condense the air, the 
sound will be very much increased. Dr. 
Desaguliers says, that in air that is twice 
as dense as common air, he could hear the 
sound of a be{l at double the distance. 

CharlcB. Is it on account of the different 
densities of the atmosphere, that we hear 
St. Paulas clock so much plainer at one time 
than another? 
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Fiatiur. Undoubtiedly die different ^, 
grees of density in the atmosphere will oc- 
casion some difference, bat the principal 
cause depends on the quarter from which 
the wind blows, for as the Erection of that 
is towards or opposite to our hoitse» we 
bear Ae clocic better or worse. 

£nm<u Does it not require great strengft 
to condense air ? , '.. 

Father. That depends much on the size 
of the piston belonging to the syringe; for 
the force required increases in propordontp^. 
the square of the diameter of the piston. . 
* Suppose the area of the baste of the pistoft 
is one inch, and you have already forced s<i 
much air into the vessel that its' density » 
double that of common air, the resistance 
opposed to you will be equal to 15 pounds; 
but if you would have it 10 times as dense, 
the resistance will be equal to 150 pounds* 

Charles. That would be more thaii I 
6ould manage. 

Father. Well, then, jfou must take ^ 
syringe, the area of whose piston is only 



Half ^ inch; and in that case the resistance 
Wduld' be eqttsd to only the fourth pan of 
250 pounds, because the square pt -g is equtd 
toi.* 

jEmnuu Tou aaid that the air was gene*' 
taUy the medium by which sound is con- 
veyed to our ears ; is it not always so ? 

Father* Air is always a good conducted 
<A sound, but water is a still better* Two 
stones bein^ struck togedier underwater, 
the sound may be heard at a greater distance 
by an ear placed utider water in the same 
river, than it can through the air* In calm 
weather a whisper may be heard across the 
Thames. 

The dightest scratch of a pin at one eiid 
of a long piece of timber^ may be heard by 
an ear applied near the odier ends though 
it could not be heard at hAi the distance 
through the air* 



• The sqoafeofanjr number being the number roul- 
tilled info ittelfi i X I » ^. 
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The cartli is not a bsd coodoctor of 
•oond : it is said^ dat by applyiiig die ear ' 
to die ground, the tramiding of horses may 
be heard much sooner than it could dvoug^ 
the medium erf* the air* Recourse has some* 
times been had to diis mode of teaming tbe 
approach of a hostile army. 

Take a long strip of fianne!, and in the 
middle de a common poker» which answers 
as well as any thing, leaving the ends at li« 
'berty ; these ends must be rolled round die 
end of the first finger of each hand, and thfa 
stopping the ears with the ends of diese 
fingersf strike die poker, thus suspended, 
against any body, as the edge of a steel fen- 
der I the depth of the tone which the stroke 
win return is amazing ; that made by the 
largeiit church-bell is not to be compared 
with tt-^Thus it appears that flannel is an 
excellent conductor 6{ sound. 
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CONVERSATION XXXm. 



Of Sound. 

FATHER. We shall devote this con* 
▼ersation to the consideration of some cu* 
nous circumstances relating to sound ; 
^hich^ as depending upon the air, will 
come very properly under Pneumatics. 

Charks. You showed us yesterday that 
the stroke, made by the clapper of a bdl 
Was not audiblcf when it was under an ex« 
hausted receiver; is the air the cause of 
sound I 

Father. Certainly in many cases it is : 
of this kind is thunder, the most awful 
sound in nature : 

VOL. II* A a 
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■ ■ . « T he air it vehicle of sound i 
Memove but the eUstic pulie of air. 
And the tame ear« which now delighted feels 
The nice dininotion of the finest notes» 
Would not discern the thunder from a hreese. 

fiVBOSSA. 



Emm<u Is thunder produced by the 
air? 

JPath^r. Thunder is generally supposed 
to be produced by the concussion or strik« 
ing together of two bodies of air; for 
lightning) darting through the ait*, causes, 
by its great velocity, a vacuum, and the se- 
parated bodies of air rushing together , 
produce the noise we call thunder. The 
same eSeot, only in minlatui^e, b prodticed 
by the inflammation of gun-powder. 

Charles* Can the report of a large can* 
non be called a miniature invitation ? I re* 
member being once in a room at the dis* 
tance of but a few paces from the Tower 
guns when they fired, and die n<Hs^ was 



infinitely worse dian any tfiundet* dial f 
ever beard* 

Father. This waB because you wewi 
near to then^ : gun{^owderf so tremendout 
as it is ia air, when iaftamed in a vacuuai^ 
makes no m^e sdiind than tbe bell in like 
cir^umstaaces* 

•Mr« Cotes mentions a very curious eatpe^ 
riment, which wai| contrived to show that 
sound cannot penetrate through a vacuum. 
A strong receiver filled with common at- 
mospheric air; in which a bell was susf 
pended, was sctewed down to a brass -platoi 
so tig^t tfi^t ^ s^ir ^1^14 eic^fe^ and ^is 
was inclu4e4 iQ ^ muqh Vg^r r^eiver* 
When th^ air between the two rec^ivera 
^ras exhausted^ thf ^pund of the bell could 
not be heard*. 

Emmti. Could it be heard befare the 
vr was taken away I 

Father* Tes : and also the moment it 
was re-admitted* 

Charles* What is the reason that some 
bodies sound so much better than others f 
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9ett*metal is more musical tbm copper or 
brass, and Aese soimd much better tlum 
many other substances* « 

Father* All sonorous bodies asre elastic^ 
the parts of which by percussion are mctde 
to vibi^te : and as long as the ^brations 
continue, corresponding vibradons are cont- 
municated to the air, and these produce 
80ui|d» Musical chords and beUs are in^ 
stances that will illustrate this* 

£mnuh The vibrations of the beU are 
not visible; and musical chords wiU vibrate 
after the souid has vanished. 

Father. If light particles of dust be on 
tiie outside of a bell when it is struck, you 
willy by their motion, have no doubt but 
that the particles of tiie metal move too, 
though not sufficientiy to be visible to the 
naked eye : and though the mo^n of a 
musical string continues after the sound 
ceases to be heard, yet it does not follow 
that sound is not still produced, but only 
that it is not sufficientiy strong to produce 
-nation in die ear* You see in a dark 
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ni^t the flash of a gup, but, being at a 
considerable distance from it, you hear no 
report* If,' however, you knew that the 
light was occasioned by the inflammation 
of gun-powder, in a musket or pistol, you 
would conclude that it was attended with 
sound, though it was not suflfciently strong 
to reach the place where you are. 

Charles. Is it known how far sound can 
be heard ? 

Father. . We arc assured upon good au- 
thorityt than the unassisted human voice 
has been heard at the distance of ten or 
twelve miles ; namely, from New to Old 
Gibraltar. And in the famous sea-fight 
between the English and Dutch in 1673» 
the sound of cannon was heard at the dis* 
tanee of two hundred miles from the place 
of action.— »-In both these cases the sound 
passed over water ; and it is well known 
that sound may be always conveyed much 
farther along 1 smooth than an uneven ^ur^ 
face. 

Experiments have been instituted to as- 
A a 2 



certadn how noch water, as a oondnctor d 
douiidy was better than land ; and a penoii 
was heard to read veiy distinct]^ at die 
distance of 140 feet on the Thaaaes, andon 
bmd he could not be heard fiurdier than 7§ 
feeu 

Emmcu Might not there be interrvqptioos 
in die latter case ? 

Father* No noise whatever intervened 
by land, but on the Huunes there was 
some occasioned by the flowing of' die 
water. 

Charks. As we were walking last sum- 
mer towards Hampstead, we saw a par^ 
of soldiers firing at a mark near Chalk 
Farm, and you desired Emma and me 
to take nodce, as we approached the spot, 
how much sooner the report was heard 
after we saw the flash than it was iDhen.we 
first got into the fields* 

Father. My intention was, ^t you 
should know from actual experiment that 
sound is not conveyed instantaneously, but 
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takes a certain time to travel cfver a g^Ye& 
■pace. , ., ' ,, V. ^ ■ ,.->' 

When you stood close to the place, ^id 
you not observe the smoke and hear the 
report at the same hi?tant i / ^ ^ 
Mninuu Yes^ we did* 
Father* Then you are satisfied tfuit the 
light of the flash, and the report, are al- 
wa]rs produced togeth<^r. The former comes 
to the eye with the veloci^ of li|^t, the 
latter reaches the ear widi the ^^tiocity with 
which : sound travels : if then light travds 
Suter than sound, you wSl ajt any consider* 
able distance from a gtm that is fiired^ si^e 
the iflaph before you hear the report. Dp 
you know with what velocky Bght.traveU* 
Charles^ At the rate of id miUion of 
miles inammute*. ^ ■ 

Father^ With regard thijn. to several 
hundred yards, or'ev^i a few-miles, the 
motion of %bt may be cposidered a$ in* 



* 8ee VolX Of Asttonomv.. Conversation XLT 
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stanUneous ; that is, there would be no as- 
•ignable ciifiereDCe of time to two observers, 
one t:f whom should stand at the br^ch of 
the.gttii^ and the other at the distam^ of six, 
or e^itf or ten miles from it. 

Emma. This I understand, because 10 
miles is as nothing when compared with 12 
millii^ns. 

. Ftdher. Now sound travels dniy at the 
rate of about IJ nales m a' minute; t^ert- 
toir^ aa time iseasil}' divisible into seconds^ 
ihs progressive motion of sound is readily 
narked bj means of a stop-watch ; conse- 
quently^ if pei«ons situsited, some close to '^ 
*|:an wbett it is <fi^harged, others at a 
Quarter of a mile from it^ and othei-s at half 
A mile^ and ab on ; tb^ will ail see Ac 
lUdb.or Jtmoke ftt the same in^nt, but the 
Import will reach them at dtfl&reat times. 

Ckmrks* is- it certain that sounds of aD 

linda travel at th^ rate i- 

-' Path^Tm A great varie^ of experiments 

have been made on the subject, and it seems 

now gen€frally agreed that sound travels 
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with a vdocity that is equal to 1(421 feet in 
a second of time* 

Emma. Then with a stop-watch you 
could have told how far we were from the 
filing when we first saw it. 

Father* Most easily; for I should have 
counted the number of seconds that elapsed 
between die flash and the report, and then 
have multiplied 1142 by the number^ and I 
should have had the exact distance in feet 
between us and the gun* ^ 

Charles. Has this knowledge been ap« 
(died to any practical purpose ? 

Father. It ha^ frequently been used at 
9ea^ by night, to know the distance of a ship 
^t has fired her watch-guns* Suppose 
you were in a vessel, and saw the flash of a 
gun, and between that and the report d4 
seconds elapsed, what would be the distance 
of one vessel from another i 

Emma. I should multiply 1142 by 24» 
and then bring the product into n\iles, which 
in diis instance is equal to something more"* 
than five miles^ 
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Father. .The mischief occasioned bjfi 
lightning is supposed to dep^id much on 
the distance at which the stonn b fix>m the 
spot from whence it is seen. 

By counting the number of seconds elap- 
sed between the flash of lightning and the 
c)ap of thunder, you may ascertain how far 
distant you are from the storm. 

Charles. \ should like to have a stop- 
watchy to be able to calculate this ias my^ 
self. 

Father^ As it will, probably, be some 
time before you become possessed of this 
expensive instrument, I will tell you of 
something which you have always about you^ 
and which will answer the purpose* 

Emma* What is that, papa^ 

Father. The pulse at your wrist, which, 
in healthy people, generally beats about 7S 
times in a minute:"* in the same space of 
time sound flies 13 miles: therefore, in 
one pulsation sound passes over l3 miles 

^— = . ' ' . ■■ ■ '* 

• In child&cn the puUe is more n^i4. 
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divided by 7S9 tbat is about 915 feet, or 
the jth part of a mile, cpnsequendy in six 
pulsations it will pass over a mile. 

£mnm* If I see a flash of lightning, 
and between that and the thunder I count 
at my wrist 36 or 60 pulsations, I say the 
distante in one case is equal to six miles, 
in the other ten* 

Fatficr. You arc right: and this me- 
thod will, for the present b^ sufficiefttly 
accurate for all your purposes* 



CORTEBSATIOV XXXIT. 



Of the 



CHARLES. Dunrebeadmikiogdboitt 
the nature of aoimdt and am ready to ask 
what it is I 1 can conceiTe of pomdes of 
light issuing from the sun* or other hinuii^ 
ous bodies, but I know not what sound is. . 

fathff. It would be buf of Utde use to 
give you a definition of sound, but I wil 
andeavour to illustrate the sul^eet. Sooad 
is not a body like light, but it dqiends xm. 
tha concussion or striking together of odier 
bodies that are elastic, which being put ijmo 
a tremulous motiouf excite a wave in the 
surrounding air. 
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£nima. Is it such a wave as iv6 sec iii 
the pond when it is ruffled by Ac wind ? 

Father. Bather such a one a^ is produ- 
ced by Growing a pebble into still water* 

Charless I have often observed this ; the 
surface of the water forms itself into circu« 
lar waves. 

Father. It is probable that the tremu^ 
lous motion of the parts of a sonorous body 
communicate undulations in the air in a sim- 
ilar manner* Two obvious circumstances 
must strike every observer ^th regard to 
die undulations in water* (1.) The wave%( 
the farther they proceed from the striking 
body, becomes less and less, tiU, if the. wa- 
ter be of a sufficient magnitude, they be- 
c6me invbible^ and die away* The same 
tftng takes place with regard to sound ; the ; 
&rther ^ person is from the sounding body, 
the less plain it 19 heard, till at length the 
dfistyice is* ^06- great for it to be audible; 
and (2.) thjfe wuveS on the water are not pro- 
pisKgated instantaneousl)^ but are formed one 
after anodier in a given space of time. This; 
Vol. II. ? b 
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from what we have ahrady shown, apfearr 
to be the manner in which sound is i>ft>pa- 
gated. 

Emma. Is sound the effect which is pro* 
daced on the ear by the undula^ons id the 



mir 



> 



Father. It is : and according as tWe 
waves are stronger or weaker^ the impres- 
siony and consequently the sensation, h 
grrater or less. If sound be impeded in 
its progress by a body that has a hok in itf 
the waves pass through the hole^ and then 
diverge on the other side as fro in a centre. 
Upon this principle the speaking-trumpet is 
constructed. 

Charles. What is that sir ? 

Father. It is a long tube, used for the 
purpose of making the voice heard at a con- . 
siderable distance : — the length of the tube 
is from six to 12 or 15 feet, it is straight 
throughout, having at one'^enda lai^ aper-/ 
ture, and the other terminates ui a proper- 
shape and size to receive the fips of the 
speaker. . k ^ 



THE SPEAKmCTRUMPET, 391 

* £vvma. Are these instruments much in 
use? 

Father. It is betieved that they were 
more used formerly than now: they arc 
certainly of great antiquity ; Alexander the 
Great made use of such a contrivance to 
fOnotaunicate his orders to the army; by 
means of which it is asserted he could make 
himself perfectly understood at the distance 
of IQ or 12 miles. Stentor is celebrated by 
Homer as one who could call louder thau 
fifty men: 



Heaven's empress mingles with the mortal crowdi 
And ihouts, in Stestor's sounding voice aloud i 
Stentor the strong, endued with brazen lun^$. 
Whose throat surpassM the force of fifty tongues. 

PP0P£*S HOMBBy B. V. L 976, 

From Stentor the speaking-trumpet has 
been called the stentorophonic tube. 

Charles* Perhaps Stentor was employed 
in the army for the purpose of communica- 
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tinjj orders of the |;enenil, and he xxttf^ 
tnake use of a trumpet for the purpose, giA 
.titbit is what is meant by brazen lungs. 
,, feather. That is not an improbaUe coo^ 
jectvire. Well, besides speaking- trumpeti^ 
{l^ere i^ ^then^ cpptrived for assi$ting tbt 
li^eariog of deaf persoi)^, which difl^ bat iit*> 
^ fropa the «|>eakiag«tn;impet. 
' If A and B (Plate vi. Fig, 24.) repre« 
•ents two trumpcCSi placed in an exact line 
ftt the distance of 40 feet or more frmn one 
another, the smallest whisper at a would be 
heard distinctly at h; so that by a contrivance 
to concei^ ^^ trumpets, many of those 
speaking figures are constructed which ait 
frequently exhibited in the metropolis avd 
other large towns. 

EtfOMU 1 s«e how it may be done ; there 
must be two sets of trumpets, the one con* 
nected with the ear of the image into winch 
the spectator whispers, and which conveys 
tfie SQund to a person in another rooroi who 
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Ij^ tubes connected with the mouth of the 
Image returns the answer.* 

Charlfis. How are the lips set in motion. 

Father. Very easily, by means of a string 
or wire passing under the flocnr iq) the body 
of the image. 



• Dr. Young,, in h'S excellent Lectures on Natural 
l*hao»op^y, says that the exhibition* of the hiTisible 
girl U per&rmed by conveying the sound thK>ugh pipea^ 
artftilly concealed, and opening opposite the mouth of 
the tnunpet, 6rom which it seems to proce^. Vol I. 
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co^rnifssucnimTSxt. 



OftbeCcbg. 

PATHJEIL Let us tani our atiemioa 
Co another curious subject relating to sound, 
And which depends on the air ; I meaii 
the echo. 

i mma* I have often been deHghted to 
heAT my own words repeated, and I (race 
tskcd Charles how it happened that if I 
ItDod in a particular spot in the garde^ 
and shouted loud, my words w^e difr 
tinctly repeated ; whereas if I moved a 
few yards nearer to the waU I had no an- 
swer t He told me that hie knew nothing 



move than th^^ that in a p^ of Ovid's 
Metiunorpho^iSf Echo is represented a^ 
having I:>een ia nyniph of the woods, bilt 
t|iaf jpinit^r^wzy in love^ her voice wa$ 
all that was left of her. 

Chirks* I did I and you shall hear a 
translsuion of the whole passage : 

So w(md*j*oii9 are the effects of I'estless pain, 
That nothing but her voice and bonearemain* 
^ay, e'en the very bones at last are gone, 

^ And Hietamorphos'd to a ^loughtkss stcme ; 
Tet stUl the voice does in tlie wood survive; 

■* The forms departed, but the sound's alive. 

Mjnmcu But these lines say nothing of 
echo being a nymph. 
. Charles. Well, then, here are others 
applied immediately to echo : 

k oyznph she was, though only now a saund^ 
Yet pf her tongue no other use was found. 
Than now she has ; which never could be more 
Than to repeat what she bad heard be^rc. 
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Father. I doubt this will give your 
sister but little satisfaction respecting the 
tause of the echo which she has often 
heardy and which she may still hear in 
the garden. 

Emma. No, I cannot conceive why a 
nymph of the woods should take up her 
residence in our garden, and the matt so 
as I never saw hen 

Father. If she is a mere sound, you 
cannot see her : I will endeavour to explam 
the subject.— When you throw a pebbtor 
into a small pool of water, what happeiMt 
to the waves when they reach the ma^ 
gin ? 

Charles. They are thrown back again* 

Father. The same happens with regard 
to the undulations in the air, which are the 
cause of sound. They strike against any 
surface fitted for the purpose, as the sid^ 
of a house, a brick wall, a hill, or even 
against trees, and are reflected or beat back 
again : thb is the cause of an echo. 



JE^nma^ I wonder then thtt wc do not 
beajT echoes mom frequently. 

J^ather. There must l?e several concur* 
ring circumstances before an echo cai^ h^ 
produced. For an echo to be heard, th^ 
ear must be }n the line of rejection* 

Charles. I do not know what 70U mean^ 
by the line of reflection* 

Father. V cannot always avoid using 
terms that have not been previously ex* 
plained* This is an instance* I will, how« 
every explain what is meant by the line of 
hicidencey and the line of reflection* When 
you come to Optics, these subjects will 1)e 
made very familiar to you* You can play 
at marbles I 

Charles* Tes* and so can Bmma* 

• Father* It is not a very common amuse*' 

ment for girls; however, as it happens, I 

s]tu^ find my advantage ip it, as she wiB 

tJ^e more readily enter jioto my czplanar. 

, 8iq>pose you were to shoot a marble 
Ugainst the wainscot, wh^t wc^xld happ<^ 7 
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Ckarks. That depends on the directioa 
in which I shoot it : if I stand dire^y 
opposite to the wainscot, the msrble ifnfl, 
if I shoot it strong enough, return to my 
hand. 

Father. The Hne which the marUe 
describes in going to the wall, is called 
the lint of incidenccf and that which it 
makes in returning is the line of refiec^ 
tion* 

Emma* But they are both the same. 

Father. In this p^ticular instance thqr 
are so : but suppose you shoot obliquely 
or sideways against the board, will the 
marble return to the hand i 

Charles. O no ! it will fly off sideways io 
:i contrary direction* 

Father. There the line it describes be 
fore the stroke^ or Ae Hne of incidence, is 
difierent from that of reflection, which it 
makes after the stroke. I will give you 
another instance : if you stand before Ac 
looking-glass you see yourself^ because 
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the rays of li^t flow horn yoUf and are: 
reflected baek agam in die same line. 
But let Eoim^ stand on one side of the 
roona, and you on the other :-^you both 
9ee the glass at the upper end of the 
jTGKini* 

Emma* Yes, and I see Charles in it too. 

Charles. I see Emma^ but I do not see 
inyself. 

leather* This happens just like the 
martile which you shot sideways. The 
rays flow frbm Emma obliquely on the 
glass, upon which they strike, and fly off 
m a contrary direction, and by them you 
see her. I will apply this to sound.-— If 
a bell a (Plate vii. Fig, 25.) be struck, 
and the undulations of the air strike the 
• wall c d in a perpendicular direction, they 
l^iiit be reflected back in the same line; 
and if a person were properly situated be- 
tween a and c, as at a:, he would hero* the 
sound'of the bell by means of the undula- 
tions as they went to the wally and he would 
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hewr it again as they caifie back, whtt^ 
vrouid be Uie echa of die first so^md* 

Emtha* I no^ undertand the distinc- 
tion between the direct sound ahd the echo. 

J^ather* If the undulAtions strike the 
wall obliquelyf they will, like the nxathie 
agunst &e wdzucot, or the i^ys of light 
agwst the gUsAs % off again obli^pidy on 
the other side^ in a reflected line^ as c m;, 
now if there be a hill qr other obstacle 
between the bell and the place m where 
a person happens to be sts^ing^ he will 
not hear the direct sound of the bell^ but 
only the echo of it, and to him the sound 
will come along the line c m* 

.Charles. I have beard of i^ces where 
the sound is heard repeated several timeSf 

Sather* This happens where there are 
a number of walls^ rocks, &c« which re- 
flect the spund frome one to the other ; and 
where a person happens to stand in sucl| a 
situation a& to intercept aU the lines of re* 
flectioo. These are called tautological or 
babbling echoes : 



liabUj^ echo modes the hounds, 
H^lyihji^ shrilly to ihe well-tun*(f homSy. 
As if a douhkrhuQt Wjereheard at once. 



/TPIiere can te no echo unless the direct 
and refiected sounds follow one another at 
a si^Kcient interval of' time; for if the lat^, 
ter aiTfte at the ear before the impression 
of the direct soupd ceases, the sound will 
not he d^tibl^dy but only rendered more in* 
tense* -> 

.Emma, Is there any rule by which the 
time may be ascertained ? 

Father* Yes, there is ; I will begin with 
^ most simple case. If a per(K>n stand at 
x^ ^Plate y w. Fig. 25.) in order that the 
echo may bexlistinct^ thtSfference between 
^ spa^e a x^ and^ a c added to c Xy miist 
be at least 127 feet. 

Charles* , The space throqgh which the 
direct sound travels to a person is a Xf and 
the whole direct line to the wall 19 fi c, be^ 
sides which it has to come back throu^ 

JToL. II. C c 
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c xto reach the pers^^ again. AB tins I 
comprehend : bat why do yoa say 187 fed 
in partictilarf * 

Father, It is founded on thb principle* 
By experience it b known diat about nine 
syllables can be articulately and distinctly 
pronounced in a second of time. But 
sound travels with the velocity of 11491 
feet in a secondy therefore in the ninth part 
of a second it passes over 
1142 
— — , or 127 feet neariy and consequendy 

9 
the reflected sound, which is the echo, to 
be distinct, must travel over at least 127 
feet more than the direct. 

Emma. If c ^ in the figure represent 
the garden wall, how far must I be from 
it to hear distinctly any word I utter ? will 
63 or 64 feet be sufficient, so that the whole 
space which the sound has to travel be 
equal in this case also to 127 feet? 

Father^ It must be something more 
because the first sound rests a 
e on the ear, which should va* 
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i^li •before the echo returns, or it wiU ap- 
pi^ar a continuation 6f the fbrm^r, and not 
a distinct sound : it is generally supposed 
tlmt the distance muaft not be kssthan 70 
br 72 £^et; and thb will give the distinct 
«chb of one syllable only. 

Charges. Must be distance be increased 
IB proportion to the nun^r of syllables that 
are to te repeated ? 

^lather. Certainly ; and at the distance 
cf about 1000 or 1200 feet, eight or ten 
syllables, properly pronounced, will be dis- 
tinctly repeated by the echo. 
' I wjill finish thi$ subject to-morrow* 



3H 
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OftfaeEdio. 



FATHER. The fbtloviog. are among 
liht tnoftt celebrated echoes. At Rosaeath; 
near Glasgowy there is an echo that repeats 
a tune played with a trumpet three dmeS 
completely and distinctly. Near Rome there 
was one that repeated what a person s&id 
five times. At Brussels fliere is to echo that 
answers 15 times. At Thombury Caslley 
Gloucestershire, an echo repeatit 10 or 11 
times vtry distinctly. Between CoUentZ 
and Bingen an echo is celebrated as different 
from most oAers. In common echoes, the 
is not heard till some time after 
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"liearing the words spoken or notes sung; in 
this die person who speaks or sings is scarcely 
heard, but the repetition is perceived very 
cle»iy,andin surprising varieties: the echo in 
some cases appears to be approaching, in 
others receding : sometimes it is heard dis- 
tinctly, at others scsurcely at all : one person 
hears only cme voice» while another hears 
several. And to mention but one more in- 
stance^ in Italy, near Milan, the sound of a 
pistol is returned 56. times. 
£mma. This is indeed 

To fetch shrill echoes from their hollow earth. 

fgther* The ingenious Mr. Derham 
applied the echo to measuring inaccessible 
^stances. 

Charles. How did he do this ? 

Father. Standing on the banks of the 
Thames, opposite Woolwich, he observed 
that the echo of a single sound was reflected 
from the houses in three seconds, conse* 

ex 2 



qoenily in that ta^e it bad tcanrened 34d^ 
%t, the half of ivWch^ qr inS fcet^ wap 
the breadth of th^ liyer in ilm psprtic«la|'. 
place. 

Did you ever hear of the Whispera^i' 
Gallery in ^e dome of St. Paul's Chuixh : 

Emma* Tes : and you promised to take 
us to see it $ome time. 

Father* And I will peform my promise^ 
In the mean time it may be proper to infomir 
you, that the circumstance that ^^ttiacts every ^ 
person's attention is, diat the smaUest whis* 
per made against the wall on one side* of 
the gallery is distinctly heard on the olh^> 
side. 

Charles. Is this effect produced on the 
principle of the echo ? 

Father* No; the undulations caused in 
the air by the voice are reflected both ways ' 
round the wall, which is made very sthootb, 
so that none may be lost, and meet at the 
opposite side ; corsequently, to the hearer, 
the sensation is the same as if his ear^ were 
c)o— ♦'^ •^>-- -nputh of the speaker* 
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' Smnuu Would the effect be the same if 
the two persons were ao^ opposite to one 
ahotiier? 

JPathen. In that case the words spoken 
wocdd be heard doable, because one arch of 
the circle being less than the other, the 
aotmd will wTtvef a* the ear sooner, round 
die shorter areh than round the longer one. 

Charles* You said the wall is very 
smooth : is diere a material difiference, in 
die conveyance of sound, whether the me* 
diom be rough or smooth ^ 

^Father* The difference is very great- 
StiU water is, perhaps, the best conductor 
of sound : the echo which I mendotied in 
the neighbourhood of Milan, depends much 
on the water over which the villa stands* 
Br. HutcoQ in his Mathematical Dictionary, 
gives the following instance as a proof that 
moisture has a considerable effect i;pon 
sound* A house in Lambeth-marsh is very 
damp during winter, when it yields an echo, 
which abates as soon as it becomes dry in 
summer. To increase the sound in a the- 
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atre at Bome^ a canal of water was cartiU 
under the floor, which caused a great dK- 
ference. 

After water, stone is reckoned a good 
conductor of sound, though die tone is 
rough and dxsagreeahk : a weB>»made bride 
wall has been known to. convey a whisper 
to the distance of -200 feet nesarl]% Wood 
is sonorous, and produces the nnibst agreesr 
ble tone, and is therefore the most proper 
substance fcr musical instrument : of these 
we shall say a word or two before we quit 
the subject of sound. 

Emma. All wind instruments, as flutes, 
trumpets, &c. must depend bn the air : but 
do stringed instruments ? 

Father* They all depend on the vibra- 
tions which they make in the surrounding 
air» I will illustrate what I have to say l^ 
means of the Eolian harp. 

If a cord eight or ten yards long be 
stretched very tight between two points, and 
♦in^n struck with a stick, the whole string 



lH>l.^icate^/ but 'fliette will be sevqidi 
vidB places in it, between whieb die cord 
win SBKure* Kow the air acts upon the 
$gf^p[k^p{ t)ie Iwp in the o^me mam^r as 

^e m^^ pf ^ ftick iipon the hmg cord 
jmlivim^cmed* ^ 

jr^Sit0rk9. Do not ^ diferent fK}tes upo^ 
a vMin dq^sii tipon ^ diflfefent length df 
Be atrings; whiidh & V^o-ied by the finger^ 
4fl«temuski«i?^ 

^^ Father*^Thty dp j and the current of air 
acts Upon each string, and divides it into 
Jmrts, as so many imaginary bridges. Hence 
^eiy string in ian £olian harp, though afl 
lure m union, become capable of several 
sounds, from which arises, the wild and 
wonderful harmony of that instrument. 

The undub^ions of the ^ir, caused by the 
quick vibrations of a string, are well illus- 
trated by a sort of mechanical sympathy 
that exists aifiong accordant sounds. If two 
strings on different instruments are tuned 
m unison, and one b^, struck, the other will 
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reply though they be several fiset ^dtext 
from any one other* 

Emnuu How is this accounted for? 

P<aher. The \i'avea made by the first 
string, being of the same kind as would be 
made by the second if struck, those waves 
give a naechanical^ stroke to the second 
string, and produce its sound* 

Charles. If all the strings on the Eolian 
harp are set to the same note^ will they all 
vibrate by striking only one i 

Father. They will : but the fact is well 
illustrated in this method : bend little bits of 
paper over each string, and then strike one 
sufficiently to shake off its paper, and you 
will see the others will fall from their strings* 

Emma. Will not this happen if the strings 
are not in unison i 

Father. Try for yourself, alter the notes 
of all the strings but two, and place the pa- 
pers on again : vibrate that string which is 
in uniton with another* 

Fmma. The papers on those are shaken 
off ; but the others remain* 



] 
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^ F^her* A wet finger pressed round the 
^ge of a thin drinkmg-glass will produce 
ts key : if the glass be struck so as to pro- 
luce its pitchy and an unison to that pitch 
be strongly excited on a violoncello, the 
glass will be set in motion, and if near the 
edge of the tablev will be liable to be sha- 
ken off. 
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CONVERSATION XXXVIIH. 



Of the Witt^ 

FATHER. You know, my childrcB^ 
what the wind la. * ' . 

Charles. You told us, a few days agO| 
that you should prove it was*oidy the air 
in motion* 

father. Tcan show you in miniature, that 
air in motito will produce* effects^isimilar to 
thoseT)roduced*by a vrblent wind. 

I place diis littte^mHl under the receiver 
of the air-pump in such a manner, that thp 
air when re-entering m^y catch the , vanes. 
I will exhaust the mr; — ^now observe what- 
happens when the stop-cock is opened. 



Emma* The vanes turn round idth an 
incredible vddcity; imicb swifter thim ever 
I saw the vanes of a real wiad*milL But 
what puts the, air in mption, so as ti> csmse 
the wind ? 

Father. There are, probabty, many eon- 
spiring causes tQ produce the effect* Hie 
principal one seems to be heat conununiear 
ted by the sun. 

Charles. Does heat produce wind i 
father. Heat, you know, expands ^ 
bodiesy consequently it rare$es ^ air, and 
inakes it lighter^ But you have seen that 
the lighter fluids ascend^ and thereby leave 
a pardal vai^uum, towards which the sur-. 
rounding heavier airpres^e^, with a greater 
or lesfi mp^n, according to the degree of 
rarefaction or of heat which produces it* 
Xbit air pf this room^ f>y means of the 
&e, is mud) ws^mer than that in the pas* 
»ge. 

Emma. Has that in the passage a ten-^ 
dency into the parlour i 

Tot* XI. D d 



Father. IVke tMs limited was^ taper, and 
bold it at the bottom of the door. 

Emnuu. The wind blows the flame vi- 
olently into the room. 

, Father. |{old it now at the tc^ of the 
door. 

Charks* The flame rushes outwards 

there. ^ 

Father. Thb simple experiment deserves 
your attention. The heat of the room ra- 
refies the air, and die lighter particles as* 
cending, a partial vacuum is made at the 
lower part of the room ; to supply the defi- 
ciency, the dense outward air rushes in, 
while the lighter particles, as they ascend, 
produce a current at the top of the door 
out of the room. If you hold the taper 
about the middle space between the bottom 
and top, you will find a part in which die 
flame is perfectly still, having no tendency 
either inwards or outwards. 

The smoie-Jaci^ so common in the chim- 
neys of large kitchens, consists of a set of 
vaneSf something like diose of a wind-*nuU 



cftT'Ventihiior, fixed to wheel-work, which 
are put m motion by ^e current of air up 
tStkt chimney, produced by the h^t of the 
fire, aod of course the force of the jack de- 
|>ends on the, strength of the fire, and not 
upon the quantity of smoke, as the mame of 
the machixjit would lead you to suppose. 

£mma. Would yovL. define the. wind as a 
current of air ? 

Father* That is a very proper definition: 
and its direction is denominated from that 
<|uarter from which it blows. 

Charles. When the wind blows from the 
north or south, do you say it is in the for- 
mer case a north-wind, and in the latter a 
south-wind ? 

Father • We do. The winds afe gene- 
rally considered as of three kinds, indepen- 
dently of the names which they take from 
the points of the compass from which they 
blow. These are the constant^ or those 
which always blow in the same direction: the 
periodical^ or those which blow six months 
in one direction, and six in a contrary direc- 
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tkxi^ anddie varkMe^ which appeisur tote 
Mbjtetto vo geaeml mlet. 

£mma» b there any place where thi^ 
wjod always %lows in one directi6n only ? 

father. Thb happens to a vfery large 
(mrt of the earth ; to all that extensive tract 
that Hes between 2S or 30 degrees nor& and 
%otttli ^ the e^uaton 

Charles* What is the cause of this ? 

Father* If you examine the g^obe, you 
will see* that the apparent course of the 
sun is from east to west, and that it is ^* 
ways vertical to some part of this tract of 
our globe ; and since the wind follows the 
pun, it mustt of necessi^^ blow in one di- 
leection constsintly. 

£mma* And is that due east ? 

Father. It is only so at the equator : for 
#n the north of this line the wind declines 

I ' ' '<^ > I . II • 

• It ia supposed the reader is acquidnted with the 
%it Toltitne of the Scientific Dialogues. 
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,jaL Uttk to the north point of the compaas^ 
Mnd this the more so as the plf ce is sttua^ 
fsirther towards the north ; on the south side 
tlie wind will be southerly. 

Charles* Ther greafi&r psat of this tract 
of the globe is water ; and I have heard yoa 
say^ that transparent mediums do not receive 
heat from the sun. 

leather* The greater part Js certainly 
water: but the proportion of land is not 
- small : almost the whole continent of Africa, 
a great part of Arabia, Persia, the East- In- 
dies, and China, besides the whole nearly 
of New Holland, and numerous islands in 
the Indian and Pacific oceans : and in the 
western hemisphere, by far the greatest part 
of South America, New Spain, and the 
West-India islands, come within the limits 
of 30 degrees north and south of the equa- 
tor. These amazingly large tracts of land 
imbibe the heat, by which the surrounding 
air, is rarefied, and thus the wind becomes 
constant^ or blows in one direction. 

You will also remember, that neither the 
Dd2 



BfOL Qor ikit atmosphere are so porleetif 
transparent as to transsiit all tke rays of die 
mohat light; many are stopped m thetr pas* 
iMge, by which both the sea and air are 
warmed to a considerabte degree. These 
constant or general winds are usually called 

Mmmcu In what part of the globe do the 
periodical winds prevail ? 

Father. They prevail in several parte 
of the eastern and southern oceans, and evi* 
dently depend on the son ; for when the z^ 
parent motion of that body is north of the 
equator, that is, from the end of March to 
the same period in September, the wind sets 
in from the south-west ; and the remainder 
of the year, while the sun is south of the 
equator, the wind blows from the north- 
east. These are called the. monsoons, or 
shifting trade^windsy and are of considera* 
ble importance to those who make voyages 
to the East-Indies. 

Charles. Do these changes take place 
suddenly ? * . - 
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• Faiker^ No: soaie\layBbeftfcre attdnf* 
tcr the change there are calms, variable 
iriiMk, md freqmntly the most vidtenl 
sftonoa* 

On the greater part of the coasts sitoated 
between the tropics, the wind blows towards 
the shore in the day-time, and towards die' 
aea by night« I'hese winds are called sea 
and land breezes ; they aie aflfected bf 
mountains, the course of rivers, tides, &c* 

Emma* Is it the heat of the sun by day 
thai rarefies the air over the land, and thus 
causes the wind ? 

leather. It is : the foUowing^eaqr expc* 
riment will illustrate the subject* 

la the middle of a large dish of cold wa* 
ter put a water-plate filled with hot water; 
die former represents the ocean, the k^ttf r 
the land rarefying the air ove|* it. lipid a 
lighted candle over the cold water, and blow 
it out ; the smoke, you see, moves towards 
the plate. Keverse th^ experiment by filling 
^ outer vessel with warm water^ and the 
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phte wt$h coldf the Mnoke will move £polii 
the plate to the dish. 

Charles* la this country there b do re- 
l^ubrity in die direction of th^ winds ; some- 
times the easterly winds prevail iat several 
days together, at other times I have noticed 
the wind blowing from all quarters of the 
icomps^s twQ or three times in the same 
day* 

Fatherm The variableness of the wind 
in this island depends probably on a varietur 
of causes ; for whatever destroys the equili- 
brium in the atmosphere, produces a greater 
or less current of wind towards the place 
wht^re the" rarefaction exists. 

It is generally believed that the electric 
fluid, which abounds in die air, is the prin- 
cipal cause of the variableness of the nind 
here. Tou may often see one tier of clouds 
moving in a certain direction, and another 
in a contrary one ; that is, the higiier clouds 
will be moving perhaps north or east. While 
the weathrr^cock stands direcdy south or 
west. In biases of tius kind a sudden rare- 
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Ikc^on liiiust have taken place m the regiom 
of one set of these clouds, and consequently 
the equU^rium destk'oyed* This {0ienome« 
nOQ is frequently found to precede a thiui^ 
der-atorm ; from which it has been supposed 
that the electric fluid is, 4n this and such 
like instances^ the principal cause in prodi^ 
cing the wind : and if in the more re* 
markable appearances we are able to trace 
the operating cause, we may nuturalljr 
infer that those which are less to, btic 
of the same nature, depend on a ISce priii- 
ciple, 

Emma. Violent storms must b^ eccasbn* 
ed by sudden and tremendous cmicuQ$i<Hi9 
in nature. I remember to have seen once 
last ye^r (1800) some very large trees torn 
up by the wind. It is difficult to conceive 
how so thin and light a body can {mxluce 
such dire effects. 

Father. The inconceivable rapidity of 
lightning will account for the suddenness of 
any storm ; and when you are acquainted 
with wliat velocity a wind will sometim<^ ' 
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move, jtm wOl not be sorpraed at the cfr 
fectt fribkh it is cafdbk of prodiKan^. 

Charles. Is there any mediod of ascer- 
^Diog die veloci^ of the wind? 

lather* Yes ; several machines havs 
been invented for the purpose* But Dr. 
Derham, by means of the flight of small 
downy feathers, contrived to measure the 
velocity of the great storm which happened 
in the year 1705, and he found th«tth« wind 
moved 33 feet in half a second, that is^ ait 
the rate of 45 miles per hour : and it has 
been proved that the force of such a wind is 
equal to the perpendicular force of lOpounds 
avoirdupois weight on every square foot. 
Now if you consider the surface which a 
large tree, with all its branches and leaves* 
presents to the wind, you will not be surpri- 
std, that, in great 8t(»ms, some of them 
should be torn up by the root* 

-fimmd. Is the velocity of 45 miles an 
hour supposed to be the greatest velocity of 
the wind f 



. Jfyther. Dr. Derham thought the greatest 
T^city to be abot^t 60 miles per hour. 
Bat we have tables calculated to show the 
farce of the wind at all velocities from 1 to 
100 miles per hoiu*. 

Charlc* Dots the force bear any gene* 
t9l propordon to the velocity l 

Father, Yes it does : the force incitases 
as Ac sjuare of the velocity. 

£mm(L Do you niean, that if on a piece 
of board) exposed to a given wind, there is ' 
a pressure equal to 1 pound, and the same 
bmrd be exposed to another wind of double 
velocity, the pressure will be in this case 
4 times greater than it was be£;>re i 

Father. That is the rule. The follow- 
ing short table, selected from a larger one 
out of Dr. Button's Dictionary, will fix the 
rt^and facts in your memory. 
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TABLE. 



I'Mpendiciiiar 
forceonone 
aquare foot in 
poiioAt ftfoir- 
dupois. 



Velocity f> 
ihewind, in 

les per 
hour. 



10 
SO 
4Q 
90 



.123 

.492 

1.968 

r.872 

31.488 



Coaupop lypdJaticB of 
the winds. 



Gentle, pteasant wind. 
Bnsk Gale. 
Very bride 
Very high wind. 
V Horricime. 



,NoTB/— Mr. Brice ditcoviered, from o be er valio u a on 
the clfiudty or their shadows moving on the stir&ce of 
the earth, that the velocity of wind in a storm was 
nearly 63 miles man hour, 31 miles in a fresh gal^ and 
oeaili 10 miks in a hfcesct 
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CONYERSATION XX^VHI. 



Of the Steam-Engine. 

FATHER. If you understand the prin- 
cl|)le of the forcing-patnp, you will easily 
cofnpfehend in what manner the steam- 
engine, die most important of all hydro- 
atatical machints, acts. 

Charles. Why do you call it the most 
important of all machines ? it b not a com- 
mon one* 

Father. Steam-engines can be used 
with adi^anta^ only in those ^ase^ where 
great power is required, Thiey. are adapt- 
ed to the nusing of water from' jgon^a and 

Vol, II. E e 
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wells ; to the draining of mines ; and per* 
haps without their assistance we should 
not at this moment have the benefit of co^ 
fires. 

Emmcu Then there cannot be two o|i- 
nions entertained respecting their utility* 
I do not know what we should do wiA- 
out them in winter, or- even in summer^ 
• since coal is the fuel chiefly used in dress- 
ing our food. 

jFather. Our ancestors had, a century 
ago, excavated all the mines of coal as 
deep as they could be worked without the 
assistance of these sort of engines* For 
when the miners have dug a certain depth 
below the surface of the earth, the water 
pours in upon them from all sides; con- 
sequently they have no means of going on 
with their work without the assistance of 
a steam-engine, which is erected by the 
side of the pit, and being kept constandy 
at worlc, will keep it dry enough for all 
P^^^tical purposes. = 

'^ steam-engine was invented during 
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t reign of Charles II., diough it was not 
ight to a degree of perfection suffieient 
the draining of mrnes till nearly half a 
aentury after that period. 
"^ Charles. To whom is the world indebted 
tbfv the discovery ? 

Father. It is difficult, if not impossible, 
tSD ascertain who was the inventor. The 
marquis of Worcester described the princi- 
ple in a small work entided " A century of 
inventions,^' which was published in the 
year 1663, and was reprinted a few years 
since in London. 

Emma. Did the marquis construct one 
of these engines 7 

Father. No ; the invention seems to 
have been neglected for several years, when 
captain Thomas Savery, after a variety of 
experiments, brought it to some degree o^ 
perfection, by which he was able to raise 
Water, in small quantities, to a moderate 
height. 

Charles. Did he take the invention 
from the marquis of Worcester's book ? 
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Father* Dr. D^taguUers, who, in ^ 
midcBe of the last century, entered at large 
into the discutoioBy maintmns that ckptain 
Savery was wholly indebted to die nmrqub, 
and to conceal the piracy, he charges him 
with having purchased all the books whidi 
contained die discovery, and burned them* 
Captain Savery, however^ declared, tint 
he was led to the discovery hy die follow^ 
ing accident ^^-^ Having drank a iask of 
Florence wine at a tavern, and tlnrown the 
task on die fire, he perceived that the few 
drops left in it were converted into steam i 
this indniced hith to snatch it from the fire^ 
and plunge its neck into a bason of water, 
which by the atmospheric pressure, was 
driven quickly into the bottle." 

Emma. This was something like an ex- 
periment which I have often seen at the tea- 
table* If I pour half a cup of water into 
the saucer, and then hold a piece of lighted 
paper in the cup a few seconds, and when 
the cup is pretty warm, plunge it with 
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tihe inouth downwards into the saucer, the 
urater almost instantly disappears. 

-fatheti In both cases, iht principle is 
exactly the same : the heat of the burnin|f 
paper converts the water that hung about 
the cup imo steam, bat steam being much 
lighter than air, expels the air from* the 
cup, which being plunged into the water, 
the steam iis quickly condensed, and a 
partial vacuum is made in the cup ; con« 
sequently the pressure of the atmosphere 
upon the water in the saucer forces it imo 
the cup, just in the same manner as the 
water follows the vacuum made in the 
pump* . ^ 

Charles* Is steam^ then^ used for the 
purpose of niakiog a vacuum, instead of a 
piston? 

Father. Just so: and Dr. Darwin as- 
cribes to captain Savcry the hotiour of 
being the first person who appli^ it to the 
purpose^ raismg water : 

B e 3 
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Kympbs ! toe ete while oa •kmnering clddionB 

And ^teU'd deHghted Savxbt to your nd. 
Bade Mwad tbe youth B^iasnrx «Ta^ a^il^ 
In gatfaainif cloiidi» 9iid ving'd the wave with 

fire : 
. Bade with cold streams the quick expansion atom 
And sunk the immense of vapour to a drop. 
' Press'd with the pond'rous air the piston falls 
'^ Resistless sliding through its iron walls i 

Quick mores the balanc'd |;>eam, of giant hirth. 
Wields his large limbs, and nodding shakes the 
earth. 

;Kfnmcu I remember the lines very wett^ 
will yoi!i describe the engine, that we ms^ 
see how they apply ? 

Father* I shall endeavour to give yoi^ 
a general ^md correct explanation of the 
principle and mode of acting of one of Mr* 
Watt's engines^ without entering into aH 
the minutiae of the several parts. 

A (Plate VIII. Fig. 350 is a section of 
theboiler^ standing over a fire^ ^out half 
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&xll of water : b ia die 8team-]npe which 
conveys the steam' from the boiler to the 
cylinder c, in which the piston Pf made 
3ir-tight| works, up and down, a and c are 
the steam valves, through which the steam 
enters into the cylinder; it is admitted 
through a when it is to force the piston 
downwards, and through c when it presses 
it upwards, b and d are the eduction 
valves, through which the steam passes 
from the cylinder into die condenser e^ 
which is a separate vessel placed ib a cis* 
tern of cold waters and which has a jet of 
cold water continually playing up in the 
inside of iu f is the air-pump, which ex- 
tracts the sur and water from the conden- 
ser. It is worked by the great beam or 
lever a s, and the water taken from the 
condenser, and thrown into the hot well 
jfff is pumped up again by means of the 
pump y, and carried back into the boiler 
by the pipe i u i is another pump, like- 
wise worked by the engine itseli^ whicli 
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suppUes the cistern, in which the condenser 
18 fixed, with water. 

Chm'ka* Are all three pumps, as weH 
as the piston, worked by the action of the 
great beam ? 

Father. They are ; and you see thfc 
piston-rod is fastened to the beam by in- 
flexible bars ; but that the stroke might be 
perpendicular, Mr. Watt invented the ma- 
chinery called the parallel joint, the con- 
struction of which will be easily understood 
from the figure. 

Emma. How are the valves opened and 
shut ? 

Father* Long levers o and p are at- 
tached to them, which are moved up and 
down by the piston-rod of the air-pump £ 
F. In order to communicate a rotatory 
motion to any machinery by the motion of 
the beam, Mr. Watt, makes use of a large 
fly-wheel x, on the axis of which is a 
small concentric toothed wheel H ; a simi- 
lar toothed wheel i is fastened to a rod T 
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cnming from the end of the beam, so that 

it cannot turn on its axis, but must rise 

and fM with the motion of the great beaui* 

A bar of iron connects the centres erf the 

two small toothed wheels ; when therefore 

tSie beam raises theVheel i, it must move 

round the circumference of the wheel h, 

and with it turn the fly-wheel x; which 

will make two revolutions while the whtel 

I goes round it once. 7%ese are called iitt 

Sun and Hanet wheels ; h, like the sun^ 

turns only on its axis, while i revolve* 

aboiU it as the planets- revolve round the 

sun. 

If to the centre of the fly-wheel any 
machinery were fixed, the motion of the 
great beam r s would keep it in constant 
work. 

Charles* Will yoxi describe the opera* 
tions of the engine ? 

Father. Suppose the piston at the top 
of the cylinder, as it is represented in the 
plate, and the lower part of the cylinder 
filled with steam. By means of the pump^ 
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rod, E F, the steam valve a, and the educ- 
tion valve d will be opened together, the 
branches from which being connected at 
9. There being now a conununication at 
d between the cylinder and condenser, the 
steam is forced fron\ the former into the 
latter, leaving the lower part of the cylin- 
der emp^, while the steam from the boiler 
entering by the valve a presses upon the 
piston, and forces it down. As soon as 
the piston has arrived at the bottom^ the 
steam valve c and die edilcticm vsdve b are 
opened, while those at a and d are shut; 
the steam, therefore, immediately rushes 
through the eduction vs^ve b into the 
condenser, while the pbton is forced yxp 
again by the steam, which is now admit- 
ted by the valve c* 



• The author is obliged to Mr. Lo wry, engraver^ 
and the proprietors of that interesting and useful pe- 
Fiodical publication, entitled, " The Philosophical Ma- 
jfiizine, comprehending the various Branches of Sci- 
ence,.'' &c. &c. for the drawing of a steam-engine, 
which he has copied with some few alterations. 
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CONVERSATION XXXIX. 



Of the Steam-Eilg^. 

CHARLES^ I do not understand how 
the tvro sets of valves act, which you des- 
cribed ]resterday, as the steam and eduction 
valves* 

FiMer* If you look to Fig. 30. Hate 
Viir. there is a different view of this part 
of the machine, unconnected with the rest : 
s is part of the pipe which brings the steam 
from the boiler, a represents the valve, 
which, being opened, admits the steam into 
the upper part of the cylinder, forcing 
down the piston* 
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Emma* Is not the valVe d opened at dK i 
same time I 

Father* It is : and dien die steam wfakk 
was under the piston is fenced tliroqgh inlD 
the condenser €• When the pistoD arrives 
at the bottom, the other pur of valves are 
opened, viz* c and b ; through c the steam 
rushes to raise the piston, smd throagfa b 
the steam which pressed the piston down 
before, is driven out into the pipe r, lead- 
ing; to the condenser ; in this there is a jet 
of . cold water» constanUy playing up, and 
thereby the steam is instantly reduced into 
the shape of hot water. 

Charles. Then the condensers (Fig* 35.) 
will soon be full of water* 

Father* It would, if.it were not con- 
nected by the pipe z with the pump/.* and 
every time the great beam Bh s is brought 
down, the plunger, at the bottom of the 
piston roil £ F, d(^scends to the bottom of 
the pump* 

Mmma. Is there a valve in the plunger ? 

Fath^ Yes, which opens upwards, con- 
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seqi^ently all die hot water which runs out 
of the condenaer into the pump* will escape 
through the valve, and be at the top of the 
{diiuiger^ and the valve not admiting it to 
retura, il: will,J)f the ascent of the piston-- 
rod bxto the situation as is sho;im in the 
pkUs^ he.^Wven throagb n into ^, the cis- 
tern of hot water, from whi^hf owing to a 
valve, it cannot return. 

Guiriess And I see the same motion 
of the great beam puts the pump y in ac- 
tion^ and brings over the hot water from 
the cistern g^ through the pipe i i into the 
Utde cistern v^^which supplies the boiler. 

JEmma* If the pump i brings in, by the 
same motipn the water from the well w, 
do i^ot the hot atid cold water intermix? 

JPather* No: if you lock carefully in 
the figure, you will observe a strong parti- 
tion rv, which separates the ewe from the 
other« Besides, you may perceive that 
the hot water does not stand at so high a 
level as the cold, which is a sufficient proof 
that they do not communicate* Indeed 
Vol. II. F f 
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the operation of the engine would be greats 
ly injured, if not wholly stopped, if the hot 
water communicated with the cold ; as in 
that case die water, being at a me^um 
beat, would be too warm, to cond^tise the 
steam in r, and too ccdd to be admitted into 
the boiler without checking the production 
of the sream. 

Charles. There are some parts of the 
apparatus belonging to the boiler which you 
have not yet explained. What is the reason 
that the pipe y, which conveys the water 
from the cistern v to the boiler, is turned 
up at the lower end ? 

Father. If it were not bent in that man*- 
ner the steam that is generated at the bot- 
tom of the boiler would rise into the pipe, 
and in a great measure prevent the descent 
of the watet- thtough it. 

Emma. Irf this position I see clearly no 
steam can enter the pipe^ because steam, 
being much lighter than water, must rise 
to the surface, and cannot possibly jsink 
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tStirough the bended part of the ti|be. What 
ci^es m represent ? 

Father. It represents a stone suspended 
on a wire, which is shown by the dotted 
Hne ; this stone is nicely balanced by means 
of a lever, to the other end of which is 
another wire, connected with a valve at the 
top of the pipe y, that goes down from the 
cistern. 

Charles. Is the stone so balanced as to 
keep the valve sufficiently open to admit a 
proper quantity of water ? 

Father. It is represented by the figure 
in that situation. By a principle in hydro- 
statics,* with which you are acquainted, 
the %tone is partly supported by the water ; 
if then by increasing the fire, too great 
an evaporation take place, and the water 
in the boiler sink below its proper level, 
the stone also must sink, which will cause 



• See Vol. n. HyrosUticsy Converstlion XL 
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die Taive to open inder, and let that firon 
the cistern come in hster* IJ^ on die otber 
band, die evaporation be less €taak it ooglit 
to be, the water will have a tendency to 
rise in the boiler, and with that die sume 
must lise, and the valve will, conseqaendyy 
let the water in with less velocity* By diis 
neat contrivance the water in the boiler is 
always kept at one leveL 

Emnuu What are the pipes t and u for i 
leather* They are sddom naed, but aie 
intended to show the exaa height of die 
water in the boilen The one at t reaches 
very nearly to die siuiace of the water 
when it is at the proper height : that at u 
enters a little below die surface. If then 
the water be at its proper height, aad 
the cocks t and u be opened, steam will 
issue from the former y and water from the^ 
latter^ But if the water be too high it will 
rush out at t instead of steam : if two hWj 
the steam will issue out of u instead of 
water, 

Charies. Suppose things, to be as repre- 
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sented in the plate, why will the waters 

rush out of the cock t^ if it be opeoed? it 

will not rise aboVe its level. 

leather. Trae : but you forget that 

there Js a constant pressure of the steam 
on the 3urface of the water in the boiler 
which tends to raise the water in the pipe 
xim This pressure would force the water 
through the pipe, as in an artificial fountain 
ae^ p. 73 and 74^ . 



Kots.— In the next conversaUoA will be ^ven an ac- 
count of the purposes to which the steam-engine is ap- 
plied. But perhaps on^ of the most striking exhibi- 
tions of. the wonderful effects of this machine is to be 
seen in that part of the Portsmouth dockyard in 
iNFhioh the bbdcs for ships are made. These blocks 
sre completely finished from the rough timber, with 
isearcely any manual labour, by means of difler^t saws 
and other tools wbvked by the steam-engine. 
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COXVERSATiaS XL- 



Of the Muam^Eapac^ tfid VtfiA 



CHARLES* We have seen the struc- 
ture of the steam-engine and its mo^ id 
operation ; but you have not told us the 
utet to which it is ai^lied. 

leather* The application of this power 
was at first wholly devoted to the caisi^g of 
water^ either from the mines, which could 
not be worked without such sud, or to the 
throwing it to some immense reservoiri for 
the purpose of supplying^ with this useful 
article, places which are higher dian tbe 
natural level of the stream. 



THESTI^M-BKGINE. 343 

Emma. Is it to tliis that Dr. Darwin ^- 
ludes in the line^, 



Here high in air the rising stream he pours^ 
To clay-1>uilt cisterns, or to lead-lln'd towers ; 
Fresh through a thousand pipes the wave distils. 
And thirsty cities drink th' exuberant rills. 

J^ather* It is ; ^nd you might have re- 
peated the whole passage, in which the 
«tesim*engine, represented as a giant-power, 
is supposed applicable to the bringing up 
of the coals, and other ore from the mine» 
and to the working of the bellows at the 
furnace, in which the ore is melted : 

Fan the white ^ame, and fuse the aparkling ore. 

^tht author refers also to the application of 
l^s engine to vanous other purpoaes, luch 
as the working irf mills, the threshing of 
corn, aad coinitig. hn making th* copper 
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money now in uae^ the ^geniQUs Mr. Boul- 
ton has contrived, by a single operation of 
the steam-engine, to roll the copper oiit 
to a proper thickness, to cut it jntQ circu- 
lar pieces, and to make the faces and the 
edge. 

Charles. How is the power of these en- 
gines estimated? 

Father. The pow^r vsuies according to 
the size. That at Messrs* Whitbr^d^s 
brewhouse, to which I have had acc^ 
through the kindness of Mr. Timothy 
Browp, a gentleman well known for hi^ 
liberality, and attachment to men of science 
and literature^ has a cylinder tweqty-foqr 
inches in diameter, and will perform the 
work of twenty-four horses, working pigbt 
and day. 

Emma* But the horses cannot work in- 
cessantly* 

Father* They will work oidy eight 
hours, at the average, out of the twenty- 
four, therefo|« since the engme is ke|rt 
wntanuaUy at work, it will peiform the 
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3usi]iess of seventy-two horses. The coals, 
consuxtied by this engine are about seven 
chaldrons per week, or one chaldron in 
twenty-four hours. 

By tihe application of different machinery 

to this engine, it raises the malt into the 

upper warehouses, and grinds it ; it pumps 

the Wort from the under*backs into tl>^ 

copper ; raises the wort into the coolers ; 

it fiUs the barrels when the beer is made i 

and wbei) the barrels are full and properly 

Imnged, they are, by the steam-engine^ 

driven into the store-hou^ea in the next 

street, a distance of more than a hundred 

f$tdaj and let down into the cellar. 

Charks* I do not wonder then that 
Dr. Darwin should afhticipate the still far* 
ther extension of this useful power : • 



Soon 9l^aU thy am^ vncbnguered %teamJ afar 
Dvag the tlow barge» or drive the rapid ear ; 
Off oa wide waving wings expanded bear 
TU« fl}'Hig chariot through the fieldi of air^ 
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Or watriof'bMndB alaim xkt §9p3a^ cavwi. 
And arvs'ics ttrwk betath ilie ^hjkdcvT cJcu^ 



Emnuu VThj does Dr. Danrin, in tkt 
passage you quoted the odier day, cd it 
explosive steam ? 

Father* From a great variety of acci- 
denu, that have happened tfaroagh careless 
people^ it appears diat the expanshre fcrce 
of steam suddenly nused b moch atnimj er 
than even that of gunpowder. At the 
cannon foundery in Moorfields, some years 
AgO| hot metal was poured into a mould 
hat accidentally contained a small quandty 
of water, which wa* instantly converted 
into steam, and caused an explosion that 
bhw the foundery to pieces. A similar 
accident happened at a foundery in New^ 
castle, which occurred from a little water 
having insinuated itself into a hollow brass 
ball that was thrown into the melting pot. 
These facts bring to my mind 
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sk circumstance that I have often heard 
you relate, as coming within your know- 
ledge* 

Father. You do well to remind me of 
It. • The fact is worth recording. A gen- 
deman who was carrying on a long se- 
ries of experiments, wished to ascertain 
the strength of a copper vessel, and gave 
orders to his workmen for the purpose. 
The vessel, however, burst unexpectedly^ 
and in the explosion, it beat down the 
brick wall of the building in which it was 
placed, and was, by the force of the steam, 
carried fifteen or twenty yards from it » 
several of the bricks were thrown seventy 
yards &om the spot; a leaden pipe sus- 
pended from an adjoining buildings was 
bent into a right angle ; and several of 
the men were so dreadfully bruised, or 
scalded, that for many weeks they were 
unable to stir from their beds. A very 
.intelligent person, who conducted the ex- 
periment, assured me that he had not the 
smattest recollection how the accide&t hap- 



k 



MM PMfiUMATKS. 

pened, er by what mcms he got Id fas 
bed-room after iu 

Emma. Is it by the force of steam Aat 
boMes are dissolved in Fipm's Digests, 
vhkh yoti pronused to describe i* 

Pother. No ; that operattoft is perfbna* 
ed by the great heat produced in the diges- 
ter. Plate Yii. Fig. 26. is a r^reseDts- 
don of one of these machioes* It is a 
strong metal pot, at least an inch thtck in 
every part; the top is screwed down, so 
that no steam can escape but through the 
valve V. 

Charks. What kind of a valve is k ? 

Father. It is a conical piece of brass, 
made to fit very accurately, b^it easttjr 
moveable by the steam of the water wImd 
it boils : consequently in its simple state 
the heat of the water will never be much 
greater than that of boiling water b ao 
open vessieL A steel-yard is therefore fitted 

• flseVHiLLCtfJtfDobaaicsC^ovttriatioiini. 
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it, and by moving the weight w back- 
^^irards or forwards, the steam wiH have a 
lesser or greater pressure to overcome. 

Emma. Is the heat increased by confining 
tie steam ? 

leather. You Have seen that, in an ex- 
hausted receiver, water not near so hot as 
the boiling point, will have every appear- 
ance of ebullition. It is the pressure of 
the atmosphere that causes the heat of boil- 
ing water to be greater in an open vesseH, 
than in one from which the air is exhau$te4. 
In a vessel exposed to condensed air, the 
heat required to make the water boij wpuW 
be still greater. Now by confining the 
steam, the pressure may be increased to 
any gi^ea degree. If, for instance^ a force 
equal to 14 or 15 pounds be put on the 
valve, the pressure upon the water wiH be 
double that produced by the atmosphere, 
and of course the heat of the water will be 
greatly increased. ' 

Charles. Is there no danger to be appre- 
hended from the bursting of the vessel i 

YoL* II. G g 
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Father If g^cac cave be takca ooc «! 
load tbif Tafarc ux> mech, the 
very great. Bat is czperimcots 
Ittcettaio the strength of any particolarves-l 
•el, too great precaatioDS cannot be takov 

Under the directioa of Mr. Ripin, tlie 
original inventor, the bottom nf a digester^ 
wastomoflF withawonderfelexfJoaoB: dke 
blast of the expanded water Ucw all the 
coab out of the fire-place, the remainder 
of the vestel was hurled across the room, 
and striking the leaf of an oaken table an 
inch thick, broke it in pieces. The least 
iijtn of water could not be discerned, and 
every coal was extinguished in a moment. 
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CONVERSATION XLT. 



Of 4e Barometer. 



FATHER* As these conversations ait; 
intended to make you familiar widi all those 
philosophical instruments that are in com- 
mon use, as well as to explain the use and 
structure of those devoted to the teaching 
of science, 1 shall proceed with an account 
of the barometer, which with the thermom- 
eter are to ht found in almost every -house. 
I will show you how the barometer is made, 
without any regard to the frame to which 
it is att£U:hed. 

A B (Plate VII. Fig. 27.) is a glass tube, 
about 33 or 34 inches* long, closed at top ; 
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that is, in philosophical language hermetical' 
ly seakd; D is a cup, bason, or wooden 
trough, partly filled with quiclcsii ver. I fill the 
tube with the quicksilver, and then put my 
finger upon the mouth, so as to prevent any 
of it from running out ; I now invert the 
tube, and plunge it in the cup D* You tee 
the mercury subsides three or four inches ; 
and when the tube is fixed to a graduated 
frame, it is cidled a barometer, or weathier- 
glass, and you know it is consulted by those 
who study and attend to the changes of the 
Weather. 

Emma* Why does not all the quicksilver 
tun out of the tube ? 

Father* I will answer you, by asking 
another question : What is the reason that 
water will stand in an exhausted tube, pro- 
vided tbe mouth of it be plunged into a ves- 
sel of the same fluid ? 

Charles. In that case the witter is kept 
m the tube by the pressure of the atmos- 
phere on the surface of the water into which 
ft is plunged. If you resort to the same 
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principle, in the pt^eot instance, why does 
llie water stand 33 or Q4f feety but the mer- 
cury imty 29 or 30 inches ? 

leather. Do you not recollect that mer- 
cury is 14 times heavier than water, there- 
fore if the pressure of the atmosphere will 
balance 34 feet of water, it oughts on the 
same principle, to balance only a 14th part 
of that height of mercury : now divide 34 
feet, or 408 inches, by 14. - 

Mmma. The quotient is little more than 
29 inches* 

Father. By this method Torricelli was 
led to construct the barometer. It had been 
accidentally discovered that water could not 
be raised more than about 34 feet in the pump 
if the piston exceeded that distance from the 
water. Torrieelli, on this, suspected that 
the pressure of the atmosphere was the 
cause of the ascent of water in the vacuum 
made in pumps, and that a column of water 
34 feet high was an exact counterpoise to a 
column of sur which extended to the top of 
xtit atmosphere. Experiments soon con- 
og 2 
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firttied the troth ct ius coqcctiiR 
then thought, that if 54 feet of ^ 
a counterpoise to die presture of the at- 
mosphere, a column of mercmy, as much 
shorter than 34 feet as mercury b heavier 
thaik water, would likewise sustain the 
pressure of the atmosphere : he obtaiDed 
a gl&iss tube for the purpose, and found 
his reasoning just* 

Charles* Did he apply it to the pur- 
pose of a weather-glass f 

Father* No : , it was not tiU some time 
after this that the pressure (^ the air was 
known to vary at different times in tI|D 
same place. As soon as that was disp^- 
vered^ the application of the Torricellisa 
tube to predicting ths changes of the wea- 
ther immediately succeeded. 

Chwtks* A l^tttmieter, then, is im io- 
•trument used far measurmg the weight 
or pressure of the atmosphere* 

/laMer. That is the principal use of 
Ae barometer : if the air be denst the mer^ 
eury rises in the tube^ and indicates fak 



)/\ 
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i^eatiier: if it grows Uffht^ die itM^uty 
fisdisy and presages rain, snow, 8cc> 

The height of the mercury in the tttWj 
is called the standard ahitude^ wUch in 
this country- fluctuates between twentj^ 
eight and thirty-one inches, and the diflfer* 
ence between the greatest and least altitudes 
is called the scale of variation. 

Emma. Is the fluctuation of the mer- 
cury different in other parts of the world • 
Father. Within and near the tropics, 
there is little or no variation in the heignt 
of the mercury in the barometer in all 
weathers: this is the case at 8u Helenif 
ix Jamaica the variation Vei-y tarely eZ« 
eeeds three-tenths of sm inch i at Naples it 
b about one inch : whereas in England \% 
is nearly three inches, and at Petcroburgib 
it is as much as 3| inches. ' 
Charki^. The scale of variatioh is the 



^ S^theroW at the^ndof the^UuiBSii 
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^vered {date, which is divided into bftdu 
and teoths of an inch : but what do yon 
call the moveable index? 

Father* It is called a venMTy from 
-the inventor's name, and die use of it is to 
show the fluctuation of the mercury to tk 
.hundredth pare of an inch« The scsk 
of inches is placed on the right aide of tte 
^barometer tube, the beginning of die scak 
being the surface of the mercury in the 
bason \ the vernier plate and index are 
moveable, so that the index may, at aoy 
titncf be set to the upper surface of the 
column of mercury. 

Emma* I have ofteb seen you move the 
}ndex, but | am stall at a loss to concehre 
how you divide the inch into hundreddi 
parts by it* 

Father* The barometer-plate is di- 
vided into tenths ; the length of the vernier 
is eleven tenths, but divided into ten equal 
parts. 

Charles. Then each of the ten parts b 
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it^utsA to a tenth of an inch^ and a tenth 
part: of a tenth. 

Father* True : but the tenth part of H 

tc9:i3th 18 equal to a hundredth part^ for yoa 

r^dinember that to divide a fraction by any 

mxmber is to multiply the denominator o£ 

tl»e fraction by the number^ thu» ^ divided 

by 10«^^. 

Suppose the index of the vernier to oo^. 
incide exacdy with one of the divisions of 
tb» scale of variation^ as x^.Z* 

Emmeu Then there ia no difliculty i the 
.lieight of the barometer is said to be 3d^ 
inches and 3 tenths* 

Father* Perhaps, in the course of a 
ftw hours, you observe that the mercury 
has risen a very litde, what will you do ? 

Emma. I will raise the vernier even with 
the mercury. 

Father. And you find the index sd 
much higher thg^n the division three oil 
the scale, as to bring the figure 1 on the 
vernier evt^n with the second tenth on the 
scale* 
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Emma* Then die whole height is id 
inches 2 tenths, and one <A the diFisors 
on the vernier ; which is eqaal to a tenth 
and a hundredth ; that is, the height of the 
mercury is 29 inches, 3 tenths, and 1 Imn- 
dredthf or 29*3 1. 

Father p If figure 2 on die vernier 
Stand even with a division on the scale, 
how should you call the height of die mer- 
cury ? 

Kmnuu Besides the ntunber <A tendis, 
I must add 2 hundredths, hecause each 
division of the vernier contains a tendi 
and a hundv'edth : therefore I say the ba- 
rometer stands at 29.32 ; that is, 29 inches, 
3 tenths, and 2 hundredths. 

Father. Here is a representation A B 
(Plate VII. Pig. 28.) of the upper part of 
a barometer tube ; the quicksilver stands 
.u Ik ,u. . n A and c : from z to x is part 
of the ar lie of variation : 1 to 10 is the 
vernier, tiqual in length to ^^ths of an 
Ineh, hut divided into ten equal parts. In 
^ position of the mercury, the 
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figure 1 on the vernier coincides exactly 
mrith 29.5 on the scale ; and finding the in- 
dex stand between the sixth and seventh 
divisions on the scale, I therefore read the 
height 29.6 1 ; that is, 29 inche?, 6 tenths, 
and 1 hundredth. 

Charles* I now understand the princi- 
ple of the barometer, but I want a guide to 
teach me how to predict the changes of the 
weather, which the rising and falling of the 
mercury presage. 

Father. I will give you rules for this 
purpose in a few days.* Before we meet 
again^ you may commit to your memory 
some lines beautifully descriptive of this in* 
strument, and which include a just compli« 
ment to the memQry of Torricelli and Boyle, 
both of whom are celebrated for their dis* 
coyeries in this part of science : 



t& 



* Seo the end of the volume. 
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f ott ch^rmM Indulgent Stlphs ! tbeir kamed too], 
And crown'd wiih fame your Tobbicxu and Bons ; 
Tau^t with sweet smUes, responsive to their pc^fcr* 
The spring and pressure of the viewless air; 
hffHow up eaiiiausted tubes briglit currents flow 
Of liquid silver from the lake below • 
"Wcigii the Wng column of ih' incumbent skie>, 
4lMi w^t^ the changeful moment falfand rise. 

BOTAKICAL GaBDZF. 






COHTMISATION XLIL 



OC the Barometer^ and its Application to the mff^TOiing 
of altitudes. 



CHARLES. In ^ose lines you gave us 
to learn, Br. Darwin says, **. Weigh the 
l<mg column of the incumbent skies r" is 
the height of the atmosphere knovm f 

Father. If the fluid air were similar to 
water, that is, every where of the same 
density^ nothing would be easier than to 
calculate its height.— When the barometer 
stands at 30 inches, the specific gravity of 
the atmosphere is 800 times less dian that 
of water;* but mercury is about ^14 times 
heavier than water, consequently the speci- 



• See ConnrstttioB XXVni. of tli&i Tolume* 
.Vol. II. H h 
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ic gravis of mercury is to dni ^d war m 
too muldpUed by 14 is to 1 ;. or morcory a 
11,200 tunes heavier than air* bi|hccasc 
befiore us, a coIuidu of mercury, SO incfaes 
longf balances the whde weight erf* the at- 
mosphere ; therefiore, if die air were equaBjr 
dense at all heig^ to the top, its beigltt 
must be 11,200 times dO inches; thati^ 
die column of air must be as much longer 
than that of the mercury, as the former is 
lighter than the latter. Do you understand 
inti 

Charles* I think I do: 11,200 multiplied 
by 30 gi^ es 336,000 inches, which are equal 
to 5| miles nearly. 

Father. That would be the height of 
fhe atmosphere if it were equally dense iq 
all parts : but it is found that the air, by its 
elastic quality, expands and contracts, and 
that at ^1 miles above the surface of the 
earth it is as twice as rare as it is at the 
surface ; that at f miles it is 4 times rarer; 
at 10^ miles it is 8 times rarer ; atl4 miles 
h it 16 times rarerj imd so on, accordkigto 
^i^g* » 
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Now if you were disposed to cany on 
tke adcUtion on one side, and the multipli* 
cation on the other^ you would find that at 
SOO mites above the surface of the earthy a 
single cubical inch of such air as we breathe^ 
would be so much rarefied as to fill a hoi« 
low sphere, equal in diameter to the vast 
orbit of the planet Saturn* 

Emma. Is it inferred from this that the 
atmosphere does not reach to any very great 
height? 

Father. Certainly; for you have seen 
that a quart of air at the earth's surface 
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weis^ but about 14 or 15^ gnim; 9ad^hf 
eanyiog on the above taUe n tew siepi) 
yott would perceive, that the ^ame q^tsmthyi 
only 49 miles high, vfoiAd weigh Ie» iiaam 
the 16 thousaudih part of 14 gmiBS, cease- 
quenliy at that height its deouty must be 
ne^Et to nothing. From experimeiKaxid cal- 
culation it is generaHjr admitted^ that the at- 
iBosphere reaches about 4$ or 50 mile^ 
above the earth's sur&ce*^ 

Charles. By comparing the state of Ae 
atmosphere at the bottom and at the top of 
a mountain, should you perceive a sensible 
difference ? 

father* We must not trust to our fed- 
uigs on such, occasions. The barometer will 
be a sure guide* I will not trouble you 
vrith calculations, but mention two or three 
facts* witkthe condusioi:^ to be drawp from 
them. In ascending the Puy de Domme, 
a very high mountain in France, the quick- 
silver fell 3| inches; and the height of the 
mountain was found, by measurement, to be 
3204 feet. By a silnilar experiment upon 
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I ft ririVJ ea, -in W^es, the quiclsilvier ws^ 
JboUd to have fafien 3^ inoim at the heigbt 
^ ^SO feet above the surfaee of the eaith* 
S^om these anc) many o^er observatioits 
it ia ioferfed, that in ascending s^y IpA^ 
^mmenpie; the mercury in ^he barometei" w^ 
ha ^V of an inch for every 100 feet pf per- 
pendicular a^^^. Tliis number ip po% rir 
l^y exact, but suffictently so for cooMBon 
purposes, and it will be easily remembered* 
Vhc three following observations were taken 
byDr* Nettletopnear the town of Halifax: 



Lowest Bt» Highest ttfr 

lat altitQde turn of the tionoftbp pifbceaMb 

in feel. Barometer. Barometer* 

102 29.78 ^ 29.66 0.12 

236 39.50 29.2^ ^f 

507 30.00 29.45 0.55 

Emma. If I ascend a high bill, andf tak* 
ing a barometer with me, find the mercury 
has fallen 1^ inch, may I not conclude that 
die hiU is 1500 feet perpendicular height ? 

Father^ You may. Are you aware how 
great a pressure you are continually su^* 

^tainiog ? 

]|h2 
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£mfna. No ; it never cafaieiiitd my head 
1 fed DO burd^ from it, therefore it caimot 
be very great, 

Fathen You sustJun every moineBt a 
weight equal to many tons, which if it wefe 
not balanced by the elastic force of the air 
within the body, would crush you to pieces ', 
this is well described* by Mr. Lo£ft. 

JbOemal balmcing external /^sifce, 
Kemove the extern^* and,, to atoms tomt 
Our dissipated limbs wbuld strew the earth : 
Remove the internal^ in a moment crush'd 
By gfreater weight of the incumbent air. 
Than rocks by &bled giants ever thrown. 

JKVDOSId, 

Charles* We might indeed have inferred 
that it was considerable from die sensations 
that we felt when the air was taken from 
under our hands* But how. Sir, do you 
make out the assertion ? 

Father* When the barometer stands srt 
59.5 the pressure of the air upon every 
square inch is more than equal to 14 pounds; 
^«ii :«. . J^^ pounds for the sake of even num- 



ya^H^vsA ^ surfii^e of a middle siaedmdsi 
^ >4i feet; tell me noW die weight hff 

. CAarles. 1 must multiply 14 by the mim- 
t>er of sqpare inches in 14| feet: now there 
me 144 inches in a square foot^ consequent- 
ly in 14j feet there are 2088 square inches ; 
therefore 14 pounds multiplied by 2088 witt 
^ve 29,232, the number of pounds-weight 
pressing upon such a person. 

Father. THiat is equal to about 13 tons; ' 
now if £mma reckons herself half only the 
•ize of a grown person, the pressure upon 
her will be equal to 6| tons. 

JBmma. What must the pressure upon 
the whole earth be ? 

Father. This you may calculiate at your 
leasure, % will furnish you with the rule. 

'* Find the diameter of the earth,* from 
which you will easily get the superficial 
measure in square inches, and this you 
must multiply by 14, and you get the an- 



• Set Vol I. Conrenwtjon. VH. Note, p. 52, 
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twer to the questioa in poond* avoijhdu^ 
poifi.** 

llie earth's sur&ce conutot about 
800,000,000 square miles; and as eveif 
square mile ccxitains 87,876,400 square f^et| 
diere must be 5,575,280,000,000*000 square 
feet in the earth's surface, which numl>er 
multiplied by the pressure on each square 
foot, gives the %vhole weight of the atmos* 
phere. 
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CONTERSATION XLIH. 



^tbeTlle^nomete^ 't 

FATHER. As ^ barometer is intends 
ed to measure the different degrees of den« 
sity of the atmospherCf so the thermome- 
ter is designed to mark the changes in 
its. temperature, with regard to heat and 
cold. 

Emma. Is thore any difference between 
the thermometer that is attached to tfie 
barometer, and that which bangs out of 
doorsf 

Father* No j they are both made by 
the same persoui and are intended ^ show 



the Mflde cfccts. Bat far tbc porpcHrs ^ 
accurate obfenratio% it is lasaal id have 
two inttramfnts oat atiarhrd &>, or acar 
/the barometer, and die odicr oiit of doors» 
to which neither the direct nor n l a c ted 
rays of the sua should ever come. TlKxigfa 
my thermometers are both of the sautac 
construction, and such as are principally 
used in this country, yet there are oAers 
made of different materials and upon difir* 
ent principles* 

Ck^rki. Does not this diemMMneter 
consist of mercury enclosed in a glass tube 
which is fixed to a graduated frame ? 

Father. That is the construction of 
Fahrenheit's thermometer : but when these 
instruments were first invented, about two 
hundred years ago, air, water, spirits of 
wine^ and then oil, were made use of; 
biAt these have given way to quicksilver^ 
wlUch ii considered as the best of all the 
flukU, tk'ing highly susceptible of ezpan* 
nUiu m\iX contraction, and capable of ex- 
hibiiii^^ A more extensive scale ^ heat. 
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Jbhrehheit^s thermometer is chiefly used in 
flbreat Britain, and Reaumur's on the Coo- 
thnsot* 

EnimO' Is not this the principle of the 
tiiermometer, that the <][tucksilver expands 
hf heaty and contracts by cold ? 

. Father. It is : place your thumb on 
die bulb of the thermometer. 

. Mmmeu The quicksilver gradually rises. 
Father* And it wiU continue to rise 
tin the mercury and your thumb are of 
equal heat. Now you have taken away 
yiHir hand, you perceive Ae mercury is 
Sailing as fast as it rose. 

Charles Will it come down to tlie same 
pcont at which it stood before EUnma touch- 
edU? 

Father. It wiU, unless, in tWs short 
space of time, diere has been any change 
in the surrounding ^r. Tlius the ther« 
mom^er indicates the temperature of the 
air, or, in fact, of any body with which it 
is in contact. Just now it was in contact 



373 PMBIMATICS. 

witb j^ur thumb, and it rose in die ^acr 
of a minute or two from 56« to 6SJ^ ; had 
you held it longer on it, the mercmy 
would have risen still higher. ' It is now 
fiJling. Plunge it into boiling water,* 
and you will find diat the mercuzy rises 
to S12^. Afterwards you may, when it is 
cool, place it in ice, in ^ts meldng state> 
tod it will fall to 32^. 

£mma* Why are these particular num- 
bers pitched oni 

Fo^h^r. Tou will not perhaps be satis- 
fied iC I teU you^ tha^' the only reason wi^ 
212 was fixed on to nuu-k the heat of 
boiling water, and thirty-two that to show 
the freezing point, was, because it so 
pleased M» Fahrenheit : this, however, was 
the case. . 



* This slunild be done very gradually, by holding 
it some time in the steam, to prevent its bi«ddng by , 
the sudden he^t. 
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, - CAnr&ffv I can easily ctmceire that at 
V^ same degree of cold, water will always 
liiif^u to freeze ; but surely Aerc are dif- 
ferent degrees of heat in boiling water, and 
^lerefore it should seem strange to have 
only ooe number for it» * 

' Father, In an open vessel, boiling water 
is alwa]^s of the same heat, that is* provided 
tile density of the atmosphere be the same ; 
and though you increase your fire in a ten- 
fold proportion, yet the water will never 
be a single degree hotter ; for the super- 
abundant heat, cominunicated to the water, 
ffi^ off in the form of steam or vapour. 

Emma* But suppose you confine the 
itteam* 

' Father. Before I should attempt this I 
mtist be provided with a strong vessel, 'or, 
as you have seen under the article of the 
steam-engine, it would cert^nly burst. But 
Si a vessel proper for the purpose, water 
has been made so hot as to melt solid lead. 
Charles. Will you explain the construc- 
tion of the thermometer ? 
Vol. XX. I i 
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Father, a b (Plate vii. fig« ^^9^ t^ 
presents a glass tube, the end ▲ is blown 
into a bulb, and this, with a part of the 
tube, are fitted with mercury. In good 
thermometers, the upper part of Uie tube 
fi^jproaches to a perfect vacuum, and of 
course the end b is herme^cally sealed. 
If the tube be now placed in pounded ice^ 
the mercury will sink to a certain point x^ 
which must be marked on the tube, and cui 
the scale opposite to this point 32 must be 
placed, which is called the freezing point. 
Then let it be immersed in boilip'g water, 
die mercury will riscy and, after a few mi* 
nutes become stationary. Against diat 
point make another mark, and write on 
the scale 212 for the heat of boiling water* 
Between these points let the scale be divided 
into 180 equal parts. , 

£mma. Vfhy 180 parts i 

Father. Because you begin from 32, and 

if you subtract that number from 2129 the 

remainder will be 180. Also below S2, and 

\bove 212, set off more divisions cm the 

"o the others. The scale is fi- 



wfiAed when you have written agatinst O f^* 
ireme coldy afpixistB2 freezings pointy agsdnst 
^5 temperate heat^ against 76 summer heat^ 
against 9S bhodheaty9ifpinst 112 fever heatf 
«g^08t 176 spirits boib, and against 212 
VHUer boils* 

Emma. Ton said the scale was to be di- 
Tided higher than bmltng water, but with- 
out nientioning the extent. 

Father. The utmost extent of the met-^ 
adral thermometer both ways, are the 
points at which quicksilver boils and freezes; 
beyond these it can be no guide : now the 
dkgree of heat at which mercury boils i$ 
COO and, it freezes when it is brought down 
as low as 39® or 40* below O; consequently 
Uie whole extent of the niercurial thermo* 
.^eter is 640 degrees,* 
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CONVERSATION XLIV* 



Of the ThetaoTneter* 

CBARLE$. Is quicksilver, when firo- 
sen, a solid metal| like iron and other tne^' 
tals? 

Father. It is thus far similar to thenif 
that it is malleable, or will bear hammering. 
And when the quicksilver boils, it goes off 
in vapour like boiling water, only much 
slower. Hence it has been inferred, thataU 
bodies in nature are capable of equating et* 
ther in z^solid^ Jiuxd$ or aerifntm stft^ ac* 
cording to the degree of heat to which they 
are exposed. 



JEmma. I underhand tbat water may be 
mtber sofid as ice, or in its fluid natural 
sIMe, or in a state of vapour or stream* 

Father. I do not wonder that you call the 
fluid state of wate^r its natural state, because 
we are accustomed, in general, to see it so ; 
and when it is frozen into ice, there appear^ 
to us, in this country, a violence committed 
upon nature. But if a person from tht 
West or East-Indies, ^ho had never seen 
the effects of firost, were to arrive in Great 
Britain during a severe and long continued 
one, such as formerly congealed the surface 
of the Thames, unless he were told to the 
contrary, he would conclude that ice was 
iome minend, and naturally solid. 

Emnuu Does it never freeae in the East 
or West Indies i 

Father. It seldom fireezes» unless in very 
dkrvaied situations, within 35 degrees of the 
equator nordt and south : it scarcely ever 
fai^ in latitude higher than 60^« In our 
own climatey and indeed in all others be- 
tween 35^ and CO^', it rarely^eaes till the 
I i 3 
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soft's meiidiaii ahknAt is kas diao 40 de- 
grees. The cokkst part of the S4 hoora k 
geaeraUyatxmtan bourbeScncsimnae^wid 
ihe warmest part of the day b usually be- 
tween two and four o'dock in the aftenxxm. 

Charles* Are there no degrees of heat 
higher than that of boiling mercury i 

Father* Yes, a great many : br^s wiS 
not melt till it is heated more than six times 
hotter tha^n boiling mercury; and to mek 
cast-iron requires a heat more than six times 
greater than this. 

Emma* By what kind of thermometer 
are these degrees of heat measured? 

Father* The ingenious Mr. Wedgewood 
has invented a thermometer for measuring 
the degrees of heat up to 32277^ of Fahren- 
heiOs scale. 

Charles. Can you explain the structure 
of his thermometer f 

Father* All argillaceous bodies, or bo- 
dies made of clay, are dimitiished in bulk 
by the applicatioa of gi^eat heat. The di- 
minution commences in a dull red heatf and 
pro^^'^kftttlarly as the heat increases till 



.g^HBty substance. This is the priQciple of 
Bfr. We^g^wood's thermonfi^ter. 

Mmma. Is vitrification the Umit 6f this 
thenxiometer ? 

Mather. Certainly* The construction and 
application of this extremely simple, and it 
snarks all the different degrees of ignition 
irom die red beat^ visible only in the dark, 
to. the heat of an air furnace. It consists of 
two rulers fixed on a plane, a little farther 
asunder atone end than at the other, leavin^^ 
a space between them. Small pieces of alum 
and clay» mixed together, are made just 
IsH-ge enough to enter at the wide end : they 
are ^n healed in the -fire with the body 
whose heat is to be ascertained. l%e fire, 
according to its heat, contracts the earthy 
body, so that being applied to the wide end 
of die guage, it will slide on towards the 
narrow end, less or more, according to the 
degree of heat to which it has been exposed.* 

* We have in the former parts of this work obierved, 
that all bodiet are expanded by heat The diminution 



3i# 

Each degree oilnv 
mometer ttifwetv lo 130 dcgtves of Faft 
heit^ and he begins his acak from ml 1 
fulljr risible in day-fig^ vhkh he finds to 
be equal to 1077'' of Fafamhei^s acal^ if 
it could be carried so Ug^ 

In the next page is a small scaky oi heat 
as it is applicable to a few bodies* 



ef ths •rgiUiceous substances madenseby Mr. Wedge- 
wood 4^f|^tfm*t td be an exception : bat as Ae cootri^ioa 
oftbeatdoet not commence tili tbeyare ezpoaedtos 
Nd heai» it may pirobab^ be accounted lor, fttmi the 
txpulalos of the fluid paitbleS) rather than ton angr 
rtal oontraotion in the •olidt. 



THBTHBIIiOafflBTER. 



SCAI4E OF HEAT. 



Bxtjremity of Wedge 

Wood's scale 
CMtJnm melts . 
T^ne gold melts 
Xlne silver mehs . -> 
Brass melts . . ^ 
Bed heat visible by day 
MercuryboilS . . . 

. I^ead melts . 
Btsmoth melts 
Tinmelu 
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Fahraih^t. 

33277» 

2l87r 
5337 
4717 
380r 

lorr 

at 6(ia 



-^^ IftliesQAne^ 

metab be mixed toee- . >.^/^ 

ther I7 fittioii indM; '^^540 

\.4 jpropottioo iof 5, 8 , and ^ 460 

3, the mature will ^/ui 

thatoflioaiog water. ^ 

Milk boils .'..•.,;, at 213 

Wat» boils -1 212 

Heatofthelnuuiiibo^ . • ; — %%97 

Wat» freezes — 32 

Milk freezes ..,...,]-. 30 

A mixtureofsnow and salt sinks the >. -. 

thermometer to .... . 5 
.M«i9iify ficAses 7-40^ 
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Ckarte*. The bar caimot expand il%^ 
out moving the index f h» the crooked part 
of nrfiidi presrag iqpon l s, di»t a&Q w3 
be noved if the bar lengthens. 

#MAcr. IVy ^ expenment i frictibnt 
yoit know^ piodaces heat ; take 4^ bai^ oiH 
tf the nii^ nib it briskly, attd the|t re- 
place it* .. 

JSiMNo. The index L a has moved t^ 
that part of die scale whkb is marked A, 
it is now going back : Hovr do jroa csdco* 
hite die length of the expmmoiD^l 

Father. The bar pressed agwst die inr 
dex p K at F, and that again presses agsinsk 
X. 8 at z^ attd hence they both act as levers. 

Charksm And they are levers of die third 
kind, for in one case die fidcnim is at pc^ 
the pofrer at f, 9Sod the point z to be 
moved may be considered as the weig^ : 
•^n the other> l b the fulcrcim, the power 
is applied «t z$ and the p(»nt s is to be 
movedb"* 



^aocoufttofthedlfimiitlcversysre VA t 
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l^her. The distance bctureen ^ mov- 
ing pofait f amd H is 20 times greater than 
Uttt b^ween x and f ; the same proportion 
Indds between L s and x. z, itom this you 
^iU get the spaces passed throu|[^ bjr the 
different poinu. 

JSmma* ' Then as much as the iron bar 
e)q>aBd9, so much will it move the point f^ 
Sbd of course the point z will move 29 
mies as much ; so that if the bar lengthen 
^^1^ of an inch^ the point z would move 
fiths, or 2 inches, l&y the same rule thp 
point 8 will move through a a^ace 20 times 
,ap great as the point z* 

Father. There are two levers then, each 
of wMch gain power^ or move over spaces 
|9 the proportion of 20 to 1 ; consequentif 9 
when united as in the present case, into a 
compound lever, we multiply 20 into 20, 
which make 400 ; and therefore if the bar 
lengthen ^th of an inch, the point s must 
move over 400 times that space, or 40 
Inthes. But suppose it only expands ^th 
part of an indi^ how mudi will s move i 
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Charles. One inch. 

Father. But every inch ittay be di- 
vided into tenths, and consequently if die 
bar lengthen only the 71^^ part oi an 
inch, the point s will move throug;h die 
tenth part of an inch, which is very perpep- 
tible* In the present case the point s'has 
moved two inches, therefore the e;q>an8ioa 
is equal to ^^0^9 ^^ ytv^ P^^ ^^ ^° inclu 
*— An iron bar, three feet long, b about ^th 
part of an inch longer in summer than Iq 
winter* 

Charles. I see, that by increasing the 
number of levers, you might carry the 
experiment to a much greater degree of 
nicety. 

Father. Well, let us now proceed to the 
hygrometer, which is an instrument con- 
trived for measuring the different degrees 
of moisture in the atmosphere* 

•Brntna. I have a weather-house that I 
bought at the fair, which tells me this; for 
if the wr is very moist, and tberel^ 4e^ote8 
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wet weather, the man comes out r and in 
i^0nr weather, when the atmosphere is drjr^ 
tike woman makes her appearance. 

Charles. How is the weather-house con* 
^tructed ? 

Father. The two images are placed oti 

a kind of lever, which is sustained Uy cat* 

^t ; and catgut is very sensible to moisture^ 

twisting and shortening by moisture» and 

untwisting and lengthening as it becomes 

Vlry., , On the same principle is constructed 

another hygrometer. A b (Plate vii. Fig. 

SI.) is a catgut string* suspended at A with 

a little weight B, that carries an index c 

round a circular scale d £ on a horizon^! 

board or table : for as the catgut becomes 

moi&t, it twists itself, and untwists when it 

approaches to a dry state. 

Emma. Then the degrees of moisture 
are shown by the index» which moves back- 
wards and forwards by ^6 twisting and 
tmtwisting of At catgut* Does all strings 
twist with minsture. 

Kk 2 
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Father* Tes. IVke a piece of commoti 
packthread, and on it su^nd a pound 
weight in a vessel of water> and you will 
see how soon the Vfrq strings are twisted 
round one another. 

Charles. I recollect that the last time ^e 
lines for drying the , linen were hung out 
in the gardeUf tUey appeared to be much 
looser in the evening than they were ncjtt 
mornings so that I thought some person 
had been altering them. A sudden shower 
of rain has produced the same effect in a 
striking manner. 

Emma* Sometimes, when sudden damp 
weather has set in, the string of the harp 
has snapped when no person, h^ been 
n^O"!!- 

Father. These are the effects produced 
by the moisture of the air r^e danip of 
night always shorten^ hair and hemp^i lines; 
and, owing to the changes to which the 
atmosphere in our clinaate is liable, the 
harp^ violin, &c. that are set to tunc one 



4nh ^'^ >^^^ some alleratioii before they 
caa be used the next. 

Here is a sensible and vety simple .by* 
grometer : it consists of a piece, of whip* 
cordy or catgut (Plate vii. Fig. 32,) fas* 
tened at a, and stretched over several put 
leys, B, c, D, £, F ; at the end is a little 
weight w, to which is an index pointing to 
ik graduated scale. 

Charles. Then accordmg to the degree 
of moisture in the air, the string shortens 
or lengthensf and of course the index points 
higher or lower. 

Father. Another kind of hygrometer 
consists of a piece of' sponge £ (Plate vii* 
Kg. 33.) prepared «id nicely balanced on 
Ae beam x y; and the fulcrum z lengthen- 
ed out into an index pointing' to a scale 

AC. 

Emma. Does the sponge imbibe mois* 
ture sufficiently to become a good hygro* 
meter { 

Father. Spvnge of itself will answer 
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die purpote/but it is maSt maclimote sen* 
sibk in the following maimer : 

After the sponge is well washed from 
all impurities and dried again, it shoula 
be dipped into water orvifiegar in which 
sal-ammoniaCf salt of tartar, or almost any 
other saline 8ubstance» has been dissolved, 
ar4 then suffered to dry, when it §hou]4 
be accurately balanced. 

Charles. Do the saline particles, in damp 
weather, imbibe the moisture^ and cause 
the sponge to preponderate ? 

^atherm They dp. Instead oF sponge a 
scale may be hung at £f in whicli must 
be put some kind of salt that has an 
attraction to the watery particles floating 
in the air* Sulphuric acid may be sub- 
stituted in the place of salt, but this is 
Xkot fit for your experiment^, because a 
little spilt over will destroy your clothes, 
otherwise it makes a vtry sensible hygro- 
meter. 

Jummom I have beard tfic cook com- 
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ftam of tke damp weather wbea.the ^ 
becoines wet by it. 

.Fka&erp Right : .the salt box in the 
Idtchen is not a bad hy^frometer* 

Ndtev— -The ntio of ei^ansion of metallic rodf 
of the same diameter, pUeed in boiling water, is 
ibund to be in braas 94^ iron 73f 1^ 1S4> and ail* 
rer 81. 
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CONVERSATION XLtl. 



CHARLES^ Does the raip«|^i^ metr 
iure the quantity of ratin that {^SUs ? 

Father. It shows the height to which the 
xain would rise on Ae place where it is fix* 
cdf if there were no evapcn*atiohf and if 
none of it were imbibed by ^e earth. One 
which is made and scdd by Mr. Jones, <rf 
Holbom, coQsists of the funnel a (Plate vir. 
Fig. 94«) omimunicadng with a cyfindric 
tube B. The diameter of Hit funnel is ex-* 
actly 13 inchesi that of the tube is 4 inches 
Tell me» Emma, what prcqxn^ioii the arm 
of the fontier has to that of the lattett 



4mma» I remember that aD pl£tii<^ ^urfa* 
ces bear the same proportion to one anothcfr 
that the squares of their dikmeters hkve.' 
Now the square of 12 is 144, and the square? 
of 4 is 16^ therefore the proportion of thi^ 
ar^ of the funnel is to tliat of the iuS^'dS 
144 to 16. 

Father* But 144 may be divi^d hy t^ 
wiAoat leaving a remaindei^. 

Charles* Yesf 9 dmes 16 ii 144, con-^ 
9^quently the proportion is as 9 to 1 ; that 
is, the area of the funnel is 9 times greateif 
man that of the tube. 

father. IS then the water in the tulie Ini 
laised 9 inches^ the depth of rain fallen wili 
in the ^ea of the funnel, which is the true 
guaget be only one inch. 

Emma. Does the little graduated rule 
mark the rise ? 

, Faiker* Tes^itdoes. It is a floating indes 
divided into ii»qhes. 

EiMUh UlSskim the float be rsdsed 1 inchf 
^'^^pAof'wMrrsdBoii^only ^of m 
iwjhl 



396 PSEUMATKS. 

Paikerm Jost so : and each aine indies 
io length being divided into 100 equal paitSf 
the fidl of rain can be icadify estimated to 
the T^^ part of an inch. Bain-gauges 
•hoold be varnished or well painted^ and as 
much water should be first poured in as 
-will raise the float to such a height, that O 
or zero qn the ruler may coincide with the 
edge o^ the funnel* 

Charles. TliUis no.t Hke your nun gauge* 

Father* . That which I use, though some- 
what more difficult of explanation, is a much 
cheaper instrument ; it may without the bot- 
tle be made for a sitig^e sl\illi|ig. It con- 
tists of a tin or copper funnel ; the area 
pf the^tpp contains exactly to square inchest 
and the tube, about 5 or 7 inches long, pas- 
ses through a cork that is fixed in a quart 
bottle. 

Mmma* Is there any ps^rticular propor- 
tion between the area of the funnel and that 
of the bottle? 

Father* No, it is not necessary ; for in 

this> the quantity of the tsdn^ is calculated by 

^ ^t aompared widi the airea of die ^H- 
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oelf which is known. For every ounce of 
water I allow .173 parts of an inch for the 
d^pth of the rain fallen. Thus the last time 
^at I examined the bottle, I found that the 
water weighed exactly six ounces, and 6 
multiplied by A73 gives 1.038 ; that is, the 
rain fallen in the preceding month was equal 
to rather more than 1 inch in deptln In the 
month of June (1801) the rain collected in 
the gauge weighed 11^ ounces, whicli is 
nearly equal to 2 inches in depth. 

Charles. Pray explain the reason of mul* 
tiplying the number of ounces by the deci^ 
mal.173. 

Father. Every gallon of pure rain water 
contains 231 cubic inches, and weighs 8 lb* 
5 02. I avoirdupois, or 133.66 ounces ; con- 
sequently every ounce of water is equal to 
231 -r- 133.66 s= 1.73 cubic inches; but the 
area of the funnel is 10 square inches, there* 
fore 1.73-^10 = 173 gives the depth of 
rain fallen for every cubic inch of water col- 
lected, or for every ounce in the gauge. 

You have now a pretty full account of all 
the instruments necessaiy forjudging of the 
YoL. II. L 1 
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•tate of the weather, and for comparing, at 
Afferent seasons, the various changes as 
they happen. 

Emma. Tes ; the barometer informs us 
how deriiSe the atmosphere is ; the thermom* 
eter enables us to ascertain its heat ; the Ay^ 
grometer what degree of moisture it con- 
tains \ and by the rain-gauge we learn how 
much rain falls in a given time. 

Father. The rain-gauge must be fixed 
at some distance from all buildings, which 
might in any way shelter it from particular 
driving winds ; and the height at which the 
surface of the funnel is from the ground 
must be ascertained. 

Charks. Does it make any difference in the 
quantity of rain collected whether the gauge 
stands on the ground, or some feet above it i 
Father. Very considerable : as that which 
I have described is a cheap instrument, one 
may be placed on the top of the house, and 
the ochur on the garden-wall, and you will 
find the difference much greater than you 
would imagine. — ^I will now give you 
^ for judging of^ and predicting, 
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the state of the weather, which are tsJcea 
from writers who have paid the most atten* 
tion to these subjects, and which my own 
observations have verified* 

!• The rising of the mercury presages, 
in general, fair weather, and its falling foul 
weather, as rain, snow, high winds, and 
storms. When the surface of the mercury it 
convex, or stands. higher in the middle thaA 
at the sides, it is a sign the mercury is then 
in a rising state ; but if the surface be concave 
or hollow in the middle, it is then sinking. 

2. In very hot weather, the falling oi the 
mercury indicates thunder. 

3. In winter, the rising presages frost: 
and in' frosty weather, if the mercury falk 
three or four divisions, there will be a thaw* 
But in a continued frosty if the mercury xi^ 
ses, it will certainly snow. 

4. When wet weather happens soon after 
the depression of the mercury, expect but 
little of it ; on the contrary, expect but lit* 
de fair weather when it proves fair shortly 
after the mercury has risen. 

S* In wet weather^ when the mercury ri« 



4m rnXMATKB. 

aes much and high, andsocontumes far two 
er dvee days bcfere die bad weather is cb* 
litdjr over, tben a condnuance of £ur 
weadier may be expected. 

6b In fiEtir weather when the mercury falls 
mueh and low, and thus continues for two or 
Ibree days before the rain comes, then a 
deal of wet may be expected, and probably 
liig^ winds. 

7« The unsettled motion of the mercury 
denotes unsettled weather. 

6* The words engraved on the scale are 
Ml to much to be attended to as the rising 
and falling of the mercury : for if it stand at 
mmh rom, and then rises to changeable, it 
fknotes fair weather, though not to continue 
$o long as if the mercury had risen higher# 
If the mercury stands at fair, and fdls to 
changeable, bad weather may be expected* 

9* In winter, spring, and autump, the 
•uddi^n falling of the mercury, and that for 
t largt splice , denotes high winds and storms; 
but in suBinier it presages heavy showers, 
snd often thunder. It always sinks lowest 
" winds, though not accompa- 
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nied with rain; but it fall^ more fer wind and 
rain together than for either of them alone, 
l6. If after rain the wind change into 
any part of the north, with a clear and dry 
sky, and the mercury rise, it is a certain sign 
of fair weather. 

11. After very great storms of wind, 
when the mercury has been low, it common- 
ly rises again very fast. In setded fair 
weather, except the barometer sink much| 
expect but liwde rain. In a wet season, the 
smallest depressions must be attended to; 
for when the air is much inclined to show* 
ers, a litde sinking in the barometer denotes 
more rain. And in such a season, as if it rise 
suddenly fast and high, fair weather cannot 
be expected to last more than a day or two. 

12. The greatest heights of the mercury 
are found upon easteriy and north-easterly 
winds ; and it may often rain or snow, the 
wind being in these points, while the ba- 
rometer is in a rising state, the effects of 
the wind counteracting. But the mercury 
sinks for wind as well as rain in all other 
points of the compass. 
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